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ABSTRACT
Losses from diseases caused by the phytopathogenic bacterium Pseudomonas gringae
pv. gringae (Pss) occur on a large number of deciduous woody plants in Pacific Northwest
ornamental nurseries. A bioassay with highly susceptible tissue-cultured lilac plantlets was
used to evaluate pathogenicity in Pss strains isolated from 25 plant species. DNA colony
hybridization with syringomycin genes was also used to identify pathogens and there was
78% agreement between these two methods. Growers' reports of disease-control failures
following the application of copper (Cu) and streptomycin (Sm) led to collecting and testing
Pss strains for resistance to these bactericides. Of 467 strains collected in 1992/1993, 24%
were copper-resistant (Cur) and streptomycin-sensitive (Sms), 6% were CusSmr, 24% were
CurSmr, and 46% were CusSms. Of 192 strains isolated in 1982/1983, 25% were CurSms, 7%
were CurSmr, none were CurSmr, and 68% were CusSms. Homologues to Cu-resistance
genes copABCD and copJ, and Sm-resistance genes strA-strB were identified to strains from
diverse woody plants with DNA colony hybridizations. Fourteen Cu-based bactericides
were evaluated for their efficacy in reducing populations of Cu` and Cus Pss strains on
tissue-cultured lilac. The quantity of free cupric ions was the only significant predictor of
Redacted for Privacyefficacy.  All Cu-based bactericides were effective against Cu' strains but only cupric 
hydroxide mixed with mancozeb or ferric chloride were equally effective against Cu` strains. 
Several non-Cu bactericides, including streptomycin, were not as  effective  as Cu 
bactericides. On field-grown lilacs, two applications of cupric hydroxide at dormant and 
delayed dormant growth stages provided the most control.  Despite strong selection 
pressure for Cu` in nursery environments, Cus Pss was consistently isolated from individual 
necrotic lesions on lilac and Japanese maple. The frequency of isolation of Cu' and Cu` Pss 
was lognormally distributed.  Variability in isolation frequency of Cu` Pss within individual 
lesions may reflect differences in Cu application, in the frequency of loss of Cu resistance in 
lesions, or may indicate that several individual strains with different levels of Cu resistance 
co-initiated a single, spreading lesion.  Copper bactericides should be used judiciously to 
minimize the development and maintenance of Cu resistance in Pss. © Copyright by Heather J. Scheck
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CHAPTER 1 
INTRODUCTION 
Bacterial Blight of Woody Plants 
Pseudomonas yringae van Hall 1902 (47) is a pathogen of many woody plant families 
and is distributed world-wide through out all temperate woody plant production areas (12). 
P. syringae is an aerobic, gram-negative, phytopathogenic bacterium originally isolated from 
lilac (Syringa mdgaris).  The species is comprised of 51 plant pathogens  classified into 
pathovars on the basis of phenotype and host specificity  (56).  By definition, all strains 
identified as P. gringae pathovar gtingae are pathogenic on Syringa sp. or share hosts in 
common with pathogenic strains isolated from Syringa (55).  Pathovar glingae exhibits a 
broader host range than any other pathovar (40): it has been reported as a pathogen on 
more than 180 species from unrelated plant genera including many economically important 
ornamental woody plants (4). 
Symptoms of bacterial blight vary depending  on host species and plant part 
infected. Common symptoms on woody plants include cankers on trunks, limbs and twigs, 
blighting of buds and blossoms, spots on fruits and leaves, discoloration of leaf veins and 
petioles, and wilting of shoots. Several types of symptoms can occur simultaneously. Tip 
dieback is the most common symptom of bacterial blight  on woody plants collected in 
Pacific Northwest nurseries (5).  Symptoms are most severe in spring when nurseries are 
shipping plants to retail markets; fall symptoms are a sporadic problem. Large losses occur 2 
on bare root stock that is infected but asymptomatic when put into cold storage for the 
winter.  Lesion development continues over  several months rendering the  stock 
unmarketable in the following season. In many instances, young trees and shrubs are killed 
by dieback or must be culled.  Annual losses in woody plant nurseries in Oregon  are 
estimated at $8 million (39). 
Pseudomonas yingae pv.  yringae is a relatively weak pathogen; it requires  a host 
predisposed to infection to gain entry and multiply in plant tissues.  It survives as an 
epiphyte in low populations on healthy host plants  on buds, bark and leaves (11, 13, 15, 16, 
27, 35) and on non-hosts such as grasses and broad-leaf weeds (18, 19, 21, 25, 34). Under 
conducive environmental conditions, epiphytic populations increase until there are sufficient 
numbers to incite disease (24, 37). In Oregon, P. gringae pv. gringae populations on nursery-
grown maples increased rapidly and peaked two to three weeks after bud break in early 
spring, then declined as temperatures rose in late spring (26). 
Because P. gringae pv. yingae survives as  an epiphyte on many woody and 
herbaceous plants  (22),  its  association with diseased tissue cannot be equated  to 
pathogenicity.  The traditional method of diagnosing diseases incited by P. yingae pv. 
gringae involves isolation of a suspected pathogen in pure culture and characterization by a 
combination of physiological and biochemical tests (38).  There are no standard methods 
for evaluating pathogenicity in P. gringae pv. yingae.  Tests of pathogenicity of strains 
isolated either as epiphytes or from diseased plant tissue on the wide variety of potential 
hosts would require extensive resources and symptom development might take months. 
Very young herbaceous tissues of woody plants  are relatively free of bacteria in 
their earliest stages of growth but can be colonized rapidly. Pathogens  are introduced onto 
young tissues in aerosols and wind-driven rain (7, 48). The effect of rain  on P. gringae pv. 3 
gringae population dynamics has recently been reviewed (17).  In addition to aiding in 
dissemination, rain is also important as a trigger of population growth.  The Willamette 
Valley of Oregon receives considerable rainfall during the early spring when woody plants 
are susceptible to infection by P. gringae pv. gringae, making bacterial blight an endemic 
problem for nurseries. A recent review describes fitness strategies that allow foliar bacterial 
pathogens to avoid or tolerate environmental stresses when conditions do not favor disease 
development (3). 
One important factor for disease development in the spring in temperate climates 
is  frost damage.  Plant  cells damaged by freezing provide nutrients  for epiphytic 
multiplication and allow egress to intercellular  spaces where the environment favors 
endophytic multiplication (43). Many P. gringae pv. gringae strains are ice nucleation active; 
they produce a protein that catalyzes the formation of ice crystals  at relatively warm 
temperatures (-2 to -5 C) (22). Young green tissues of woody plants are very susceptible to 
freeze damage as ice crystals mechanically disrupt cell membranes (20, 30, 49).  Fifty-eight 
percent of P. .gtingae strains isolated by Baca et. al. (2) from woody ornamental plants in 
Oregon and Washington were ice nucleation active. Oregon nurseries have reported severe 
disease epidemics following spring frosts that resulted in large economic losses (29). 
Horticultural practices may also facilitate disease development. Any mechanical 
wounding, i.e. horticultural pruning or grafting, provides an entry point for the pathogen 
(16, 36, 52).  Soil factors such as low pH and mineral nutrition, including high nitrogen and 
low potassium, calcium, aluminum, selenium, boron and zinc have also been implicated in 
increased disease severity (10, 50, 51).  Overall, the ecology of P. syringae pv. syringae in 
relation to host and environmental factors is not well studied or understood. This lack of 4 
knowledge as hindered development of successful management strategies for controlling 
bacterial blight on woody plants. 
Most woody plant nurseries use bactericides to  manage bacterial blight. Standard 
recommendations include a fall application of fixed  copper (31).  However, nurseries 
commonly apply multiple sprays of copper-based bactericides, streptomycin  sulfate, or 
both, beginning in the dormant season and continuing through the end of flowering or until 
leaves and flowers are fully developed. Despite these intensive chemical control regimens, 
the severity and frequency of bacterial blight has increased during the late  1980's and early 
1990's. The reasons for poor control are unknown, but pathogen populations may have 
been selected for resistance to copper and/or streptomycin. 
Plasmid-encoded copper and streptomycin resistance is becoming increasingly 
widespread in several genera of phytopathogenic bacteria including Envinia,  Xanthomonas, 
and Pseudomonas (8).  Strains of P. glitzgae pv. gringae resistant to high concentrations of 
copper (1) and to both copper and streptomycin (42) have been isolated in Western U.S. 
fruit orchards. In Oklahoma, strains resistant to both copper and streptomycin have been 
isolated in commercial woody plant nurseries (44).  In two recent review articles, the 
molecular genetics and ecological role of copper resistance (41) and the  ecology and 
evolution of streptomycin resistance (45) in P. gringae are discussed. 
More efficacious copper-based bactericides  or alternatives for control of copper-
resistant strains of P. glingae pv. yringae  on nursery crops are greatly needed.  There is 
evidence that some copper-based bactericides are superior to others (14, 46, 53).  Other 
pesticides, including fungicides and disinfectants (6), have bactericidal  action but have not 
been rigorously tested against bacterial blight  on woody plants.  Present extension 
publications (31) and chemical labels do not provide enough detailed  information on the 5 
quantity, timing, or rotation of these products for adequate disease control. Local nurseries 
have developed their own chemical control programs, usually involving copper bactericide 
applications in fall, winter, and spring, but the applicability of these regimens to other 
nurseries in the region on the wide variety of crops affected by P. gringae pv. yringae is not 
known. 
Non-chemical methods of disease management are not widely practiced in 
Willamette Valley nurseries. Possible alternative techniques include biological control with 
microbial antagonists, and enhanced cultural controls such as protection from frost and 
rain.  There is limited information on genetic resistance to bacterial blight in ornamental 
woody plants.  Optimal disease management will require an integrated approach that 
addresses plant health through nutrition and minimization of mechanical wounding, 
protection from freezing injury and prolonged leaf wetness, and timely application of 
chemical sprays to protect young tissues and suppress epiphytic populations of P. yringae 
pv. yringae. 
RESEARCH OBJECTIVES 
There is no standard method for evaluating pathogenicity in P. yringae pv. yringae 
yet a rapid method for diagnosing bacterial blight is crucial for the timely application of 
chemicals for disease control. The traditional method of diagnosing diseases incited by P. 
yringae pv. yringae involves isolation of the suspected pathogen in pure culture and 
characterization by a combination of physiological and biochemical tests.  Because these 
methods do not directly assess pathogenicity, many researchers have developed bioassays to 
identify pathogens (cf. 5, 15, 54). Existing bioassays are bereft with variability in symptom 6 
expression and low correlation of results with nutritional or biochemical tests. Lilac (Syringa 
pm/saris) is a good candidate to be a universal suscept for pathogenicity tests on strains of P. 
gringae pv. gringae isolated from deciduous woody plants. 
Pathogens can also be identified indirectly if they contain known virulence  factors. 
Syringomycin is a necrotizing phytotoxin with antimicrobial activity produced by most, but 
not all, strains of P. gringae pv. syringae and not by other pathovars of P. gringae (57). SyrB, a 
syringomycin synthetase gene, and grD, a syringomycin export gene, have been cloned and 
used as radio-labeled probes (32). The gr sequences were shown to be highly specific to 
syringomycin-producing strains of P. gringae  pv. gringae isolated from diverse hosts 
including lilac, citrus, bean, rose, wheat,  sugar beet, stone fruit and pome fruit.  The DT 
probes have no homology to P. viridiflava nor to P. gringae pvs. phaseolicola, tabaci, tagetis, 
tomato, morprunorum or pisi. If a high percentage of pathogenic P. ytingae pv. gringae isolated 
from woody plants carry syringomycin genes, these probes should be useful for identifying 
pathogens.  In chapter 2, a bioassay with tissue-cultured lilacs and colony  hybridizations 
with digoxigenin-labeled grB and grD DNA probes for syringomycin were compared with 
traditional biochemical and nutritional tests for identifying pathogenic strains of P. gringae 
pv. gringae. 
During the late 1980's and early 1990's, the severity and frequency of bacterial 
blight increased in ornamental woody plant nurseries. The reasons for increased disease 
losses despite heavy use of copper-based bactericides and  streptomycin sulfate were 
unknown.  Potentially, pathogen populations  may have been selected for resistance to 
copper and streptomycin; resistance to both chemicals has been observed in P. gringae 
pathovars. Copper resistance determinants from P. gringae pv. tomato (copABCD) (9) and P. 
gringae pv. yringae (copj) (33) have been cloned and characterized.  One type of streptomycin 7 
resistance, conferred by the strA-strB aminoglycoside phosphotransferase genes, has been 
identified in several phytopathogenic bacteria including P. gringae pv. gringae (44). Chapter 3 
describes a survey conducted to evaluate copper and streptomycin resistance in P. gringae 
strains collected in Pacific Northwest nurseries.  The bactericide resistance of strains 
isolated in 1992 and 1993 was compared with strains isolated in 1982 and 1983 and with 
strains from unsprayed landscape plants.  Previously cloned copper (copABCD, copJ) and 
streptomycin (strA-strB) resistance determinants were tested as probes in DNA colony 
hybridizations and compared with media screenings. 
Some nurseries have developed their own chemical control programs for bacterial 
blight. These programs usually involve multiple applications  of copper-based bactericides 
and/or streptomycin sulfate in fall, winter and spring.  Chemical analyses of copper-based 
bactericides were performed to relate the quantity of  copper in different forms to 
reductions in bacterial populations (28).  Relationships between the information provided 
on manufacturer's label and efficacy against bacterial blight  were described.  More 
efficacious copper-based bactericides  or alternatives are greatly needed for control of 
copper-resistant strains of P. gringae pv. gringae on nursery crops. Chapter 4 evaluates the 
efficacy of different copper-based and alternative bactericides  for control of copper-
resistant and -sensitive strains of P. gringae pv. gringae growing on tissue-cultured and field-
grown lilacs.  Additional field trials were done to evaluate the number and timing of 
bactericide sprays that provided the highest level of control. 
Despite the strong selection  pressure for copper resistance in woody plant 
nurseries where copper-based bactericides are applied regularly, strains of P. gringae sensitive 
to copper and with moderate levels of resistance have been consistently isolated from the 
phyllosphere of diseased woody plants (1, 42). Because sensitive and moderately copper­8 
resistant populations are persistent in these environments, there  may be a fitness cost 
associated with maintaining a copper-resistant phenotype.  If so, withholding bactericide 
applications could lead to a decrease in copper-resistant populations over time. Chapter 5 
details a study initiated to quantify the variability and distribution of copper-resistant 
populations of P. gringae from disease woody plants grown in Willamette Valley nurseries. 
Also of interest was the variability in copper-resistant populations between two woody plant 
genera, Syringa (lilac) and Acer (maple), between nurseries, and between nurseries and 
unsprayed landscape plantings of Syringa. 
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ABSTRACT
 
Losses from diseases caused by Pseudomonas gtingae pv. gtingae occur on a large 
number of deciduous woody plants in commercial nurseries in the Pacific  Northwest. 
Bioassays for pathogenicity are one step in the identification of P. gtingae pv. gtingae and are 
usually performed on the host of isolation; however, woody plants  can take months to 
develop symptoms. A bioassay with highly susceptible lilac (Syinga vulgaris cv. Sensation) 
tissue culture plantlets evaluated pathogenicity in strains of P. glingae pv. gtingae isolated 
from 25 species of deciduous woody plants. DNA colony hybridization with the grB probe 
for a syringomycin synthetase gene and the grD probe for a syringomycin export gene was 
also evaluated as a method for identifying pathogens. Of 552 strains provisionally identified 
as P. gringae pv. gringae, 59% were pathogenic in the bioassay and hybridized with the gr 
probes while 19% were non-pathogenic and did not hybridize with the  gr probes giving 
78% agreement between the two methods. Nine percent of strains were pathogenic in the 
bioassay but did not hybridize with the gr probes and 13% were not pathogenic in the 
bioassay but did hybridize with the gr probes. These methods detected pathogenic strains 
of P. gringae pv. gringae isolated from diverse woody plants in 5-16 days. 
INTRODUCTION 
Pseudomonas gtingae pv. gringae infects a wide range of deciduous woody plants in 
Pacific Northwest nurseries causing tip dieback, bud and flower blast, spots and blisters on 
fruit, stem canker, and leaf blight (6, 35). Annual losses in woody plant nurseries in Oregon 
from P. gringae pv. gtingae are estimated at $8 million (40).  Because P. gtingae pv. gtingae 
survives as an epiphyte on many woody and herbaceous plants (26), its  association with 15 
diseased tissue cannot be equated to pathogenicity. Tests of the pathogenicity of strains of 
P. yringae pv. gringae isolated either as epiphytes or from diseased plant tissue on the wide 
variety of potential hosts grown in commercial woody plant nurseries would require 
extensive resources and symptom development could take months (29). A rapid method to 
evaluate pathogenicity of strains of P. gringae pv. yringae is crucial for the timely application 
of chemical sprays for disease control. 
The traditional method of diagnosing diseases incited by Pseudomonas yringae pv. 
yringae involves isolation of the suspected pathogen in pure culture and characterization by 
a combination of physiological and biochemical tests. The LOPAT tests (24, 25) are used 
to discriminate P. yringae from other species of fluorescent pseudomonads. The GATTa 
tests (22) are used to separate pathovar yringae from other pathovars of P. yringae. More 
rapid identification of P. yringae pv.  yringae has been attempted by measuring the ice 
nucleation activity (INA) of strains (1, 16, 20, 26, 38), by bacteriophage typing (3, 4, 16), and 
by serology (14, 30, 34). Because these methods do not directly assess pathogenicity, Young 
(49) proposed a protocol of 12 nutritional tests, an assay for syringomycin, and a lilac 
pathogenicity test to identify P. yringae pv. gtingae. 
There is no standard method for evaluating pathogenicity in P. yringae pv. yringae. 
Inoculations of immature pear and sweet cherry fruit (10, 16, 36), leaves and twigs of 
apricot, peach, nectarine, and plum, etiolated pear, apple and peach hypocotyls (10), 
immature yellow tomato fruit (5, 6), bean pods (23), lemon fruit and pea stems (30), lilac 
petioles (49), red maple stems (28) and pear blossoms (46, 48) have all been tested. The 
results of all these methods were variability in symptom expression and low correlation of 
results from bioassays with physiological or biochemical tests. 16 
Presumably, strains identified as P. gringae  pv. gringae are pathogenic on lilac 
(Syringa sp.) or share hosts in common with pathogenic  strains isolated from lilac (49). 
Maintaining lilac plants with sufficient young, susceptible leaves or flowers for pathogenicity 
testing is problematic.  Yessad et al.  (48) showed in vitro microcuttings of pear (Pyrus 
communis) were superior to pear seedlings  or immature pear fruit for detecting pathogenic 
strains of P. gfingae pv. gringae. Because lilac can be maintained in a juvenile state in aseptic 
tissue culture, it has advantages in a bioassay for testing strains of P. gringae pv. gnngae for 
pathogenicity. 
Pathogenic strains of P. gringae pv. glingae may not be equally virulent on any given 
host (6, 10, 16, 48). DNA hybridization with labeled probes  can be a sensitive and accurate 
method of identifying phytopathogenic bacteria without involving a host plant.  Radio-
labeled probes have been made to cryptic DNA  sequences and used to identify pathogenic 
strains of Ern/inia amylovora (11), P. gringae pv. tomato (9), Xantbomonas campestris pv. phaseoli 
(13), and Clavibacter micbiganense subsp. micbiganense (44).  Probes for genes required for 
phaseolotoxin production in P. gfingae pv. phaseolicola (39) and coronatine production in P. 
gringae pv. tomato (8) have been highly reliable for identifying pathogens  in vitro and in planta. 
Syringomycin is a necrotizing phytotoxin with antimicrobial activity produced by 
most strains of P. gringae pv. gringae and not by other pathovars of P. gtingae (51).  SyrB, a 
syringomycin synthetase gene, and grD, a syringomycin export gene, have been cloned and 
used as radio-labeled probes (36).  Using probes for syringomycin genes is a more direct 
route for evaluating the toxigenic potential of strains than the standard  bioassay which 
measures growth inhibition of the syringomycin-sensitive fungus Geotrichum candidum (42). 
The gr sequences were shown to be highly specific to syringomycin-producing strains of P. 
gtingae pv. gringae isolated from diverse hosts including lilac, citrus, bean, rose, wheat, sugar 17 
beet, stone fruit and pome fruit (36). The DT probes had no homology to P. viridiflava nor 
to P. gningae pvs. phaseolicola, tabaci, tagetis, tomato, morsprunorum or phi.  Thus, syringomycin 
genes should be useful for identifying pathogenic P. gringae pv. gringae isolated from woody 
plants. 
The first objective of this research was to evaluate lilac (Syringa vulgar-is)  as a 
possible universal suscept in pathogenicity tests with strains of P. gringae pv. gringae isolated 
from diverse woody plants. The second objective was to test digoxigenin-labeled grB and 
grD DNA probes for syringomycin genes as a method to identify pathogens without a 
bioassay. Results of these two methods were compared with traditional physiological and 
nutritional tests for identifying P. gringae pv. gringae.  A preliminary report has been 
published (7). 
MATERIALS AND METHODS 
Isolation and characterization of strains.  Deciduous woody plants with 
cankers, bud and blossom blights, leaf spots and shoot diebacks, were collected from forty-
four commercial nurseries and seven landscape plantings in the Willamette Valley, Oregon, 
March through May of 1992 and 1993. Isolation and purification of these strains has been 
described (40). Strains were provisionally identified as Pseudomonas gringae pv. gringae based 
on blue-green fluorescence on King's Medium B (KB) (19) under UV-light at 350 nm and a 
negative test result for Gram's stain (38) and cytochrome oxidase activity (21).  Bacteria 
were preserved at -80°C in sterile Luria-Bertani broth (31) amended with 20% sterile 
glycerol. Before each assay, strains were recovered from frozen storage by streaking  onto 
KB and incubating for 48 h at 28°C. 18 
Fluorescent, oxidase-negative, gram-negative strains were further characterized by 
two determinative schemes: LOPAT tests (25) (Levan production, Oxidase activity, Potato 
soft rot, Arginine dihydrolase activity, and Tobacco hypersensitive response (HR) (20)) and 
GATTa tests  (22)  (Gelatin liquefaction, Aesculin hydrolysis, Tyrosinase  activity and 
utilization of Tartrate).  All strains were tested three times for LOPAT and  GATTa 
characters. 
Ice nucleation activity (INA) of strains was determined by the method of Vail as 
modified by Lindow et al. (26).  Cells were suspended to a concentration of approximately 
1x108 CFU/ml (0D590 =0.3) in sterile distilled water (SDW). Ten drops (10 tnL each) of cell 
suspension were pipetted onto a paraffin-coated sheet of aluminum foil floating on a 70% 
ethanol solution maintained at -5°C (Exacal 300 bath, Neslabs Inc., Portsmouth, NH). The 
number of drops that froze within 10 minutes was recorded; strains with 8 or more frozen 
drops were considered INA. All strains were tested three times. 
Tissue cultured plantlets.  Syinga rulgaris cv. Sensation stock plants  were 
obtained from a commercial tissue culture  nursery (Microplant Nurseries, Gervais, OR). 
Plant lets were aseptically cultured in 200 ml glass jars with plastic lids on 35 ml of solid lilac 
tissue culture medium (Murashige and Skoog salts (33)  4.3 g, 6-benzylamino-purine 2 mg, 
thiamine 0.4 mg, myo-Inositol 100 mg, sucrose 30 g, agar 6.5 g, distilled water 1 L, pH 5.2, 
all chemicals from Sigma Co., St. Louis, MO). Plant lets were grown at 25°C with a 16 h 
photoperiod under 40W fluorescent bulbs in a constant temperature room and sub-cultured 
every 3-4 weeks. 
Bioassay for pathogenicity.  Bacteria were harvested from KB plates and 
suspended in SDW to a concentration of approximately 1x104  CFU /ml (0D590=0.20). 
Plant lets were submerged and gently swirled in the bacterial  suspension for 30 sec and 19 
returned to their jars. Inoculated plantlets in the jars were exposed to a temperature of -5°C 
for 10 min to simulate a frost event, and then incubated at 25°C with a 16 h photoperiod. 
Symptom development on plantlets was observed after 14 days. Highly virulent P. yringae 
pv. syringae strain PAH5/92, isolated from diseased lilac (40), was used as a positive control; 
non-pathogenic P. syringae pv. syringae strain JL2000, isolated from a corn leaf surface (27), 
and water-inoculated plantlets were used as negative controls. Each strain was tested on 3 
plantlets.  Random stock plantlets were sampled periodically for contaminating bacteria, 
yeast, or fungi by macerating plantlets in SDW and streaking loopfuls of the resulting 
aqueous solution onto KB. Plates were incubated at 28°C for 7 days. 
DNA-DNA colony hybridizations. Syringomycin probes were cloned from P. 
syringae pv. syringae strain B301D isolated from diseased  pear (16).  Probe p91 for a 
syringomycin synthetase gene contains a 1,107-bp Sall internal fragment of the grB gene 
cloned into pUC18 and maintained in Escherichia coli DH5a. Probe p9 for a syringomycin 
export gene is a 510-bp EcoRI fragment containing 500-bp of the 5'-end of the syrD gene 
plus 10-bp of upstream DNA cloned into pUC19 and maintained in E.  co/i DH5a (36). 
DNA fragments were labeled with digoxigenin-11-dUTP (Genius  Kit; Boehringer-
Mannheim Biochemicals, Indianapolis, IN) as directed by the manufacturer. 
The .grB and syrD probes were used in DNA colony hybridizations to detect 
syringomycin synthetase and export genes in strains of P. syringae pv. syringae isolated from 
diseased woody plants. For hybridizations, individual bacterial colonies were grown on KB 
for 48 h at 28°C. Sterilized, non-charged nylon membranes (Qiagen Inc., Chatsworth, CA) 
were laid on 250 ml of autoclaved, GY agar (modified from Keane et al. (18): L-glutamic 
acid 2 g, yeast extract 1 g, KH2PO4 0.2 g, MgSO4 0.5 g, NaC1 0.2 g, agar 15 g, distilled water 
1 L, pH 7.0; all chemicals from Sigma Co., St. Louis, MO) in 23 x 30 cm Pyrex cake pans. 20 
Individual bacterial colonies were aseptically transferred onto the membranes and incubated 
for 24 h at 28°C.  Cells were lysed by placing the membranes on Whatman 3 MM filter 
paper saturated with 10% sodium dodecyl sulfate (SDS) for 30 min. The released DNA was 
denatured for 30 min on paper saturated with 0.5 M NaOH -1.5 M NaC1 and neutralized for 
30 min on paper saturated with 0.5 M Tris-HC1 (pH 8.0)-1.5 M NaCl. Membranes were 
dried for 30 min at 20°C then baked for 1 h at 80°C under vacuum.  Cell debris was 
removed by washing 1 h at 68°C in 50 mM Tris -HCI (pH 8.0), 1 M NaCl, 1 mM EDTA and 
0.1% SDS. Pre-hybridization and hybridization solution consisted of 5X SSC (1X SSC = 
0.15 M NaC1-0.015 M sodium citrate), 1% blocking reagent (Boehringer-Mannheim 
Biochemicals, Indianapolis, IN), 0.1% N-lauroyl sarcosine and 0.2% SDS. Pre-hybridization 
was performed for a minimum of 1 h at 68°C. Hybridization with 10 ng /ml of digoxigenin­
labeled probe was for a minimum of 12 h at 68°C. Post-hybridization washes were two, 30 
min washes at 20°C in 2X SSC-0.1% SDS and two, 60 min washes at 55°C in 0.1X SSC­
0.1% SDS. Membranes were incubated with Anti-digoxigenin [Fab] conjugated to alkaline 
phosphatase and DNA-DNA hybridization was detected colorimetrically with X-phosphate 
and NBT (Boehringer- Mannheim Biochemicals, Indianapolis, IN).  Strains that hybridized 
to the probe were dark purple/brown following colorimetric detection while the strains that 
did not hybridize remained unstained. Strain B301D was included as a positive control and 
W4N77, a non-syringomycin producing P. gringae pv. gringae strain isolated as an epiphyte 
on pear, was included as a negative control (36). All colony hybridizations were repeated. 21 
RESULTS 
Isolation and characterization of strains.  Five-hundred fifty-two strains of 
fluorescent, oxidase negative, gram-negative bacteria isolated from diseased tissues of 25 
species of woody plants (Table 2.1) were tested with standard physiological and biochemical 
diagnostic methods. In LOPAT tests, Pseudomonas gringae strains were expected to be levan 
positive, oxidase negative, potato soft-rot negative, arginine dihydrolase negative and 
tobacco HR positive. Of the 552 strains tested, 73% were positive for levan, none caused 
potato soft-rot, 81% were arginine dihydrolase negative and 7 9 % were positive for tobacco 
HR (Table 2.2).  Fifty-three percent of strains matched the LOPAT phenotype for P. 
gringae while 32% differed in one test, 10% differed in two tests and 5% differed in three 
tests. 
Table 2.1. Plant sources of 552 strains of Pseudomonas gtingae pv. gringae and the results of 
pathogenicity tests with a lilac tissue-culture bioassay and DNA colony hybridizations with 
probes p91 (..5-yrB) and p9 (yrD) for syringomycin genes. 
Pathogenicity tests 
Family, genus,  Bio+ 
(No. of strains") 
Bio- Bio+  Bio­
and species'  Common name  CH+  CH­ CH­ CH+ 
Aceraceae 
Acer palmatum Thunb.  Japanese maple  34  45  21  24 
A. platanoides L.  Norway maple  1  4  0  0 
A. rubrum L.  Red maple  6  4  4  3 
A. saccharum Marsh.  Sugar maple  1  0  0  0 
A. trancatum Bunge.  Shantung maple  3  0  1  1 
Berberidaceae 
Berberis aquifolium Pursh.  Oregongrape  2  0  0  0 
Caprifoliaceae 
Viburnum dentatum L.  Arrow-wood  0  4  2  5 22 
Table 2.1. Continued 
Pathogenicity tests 
Family, genus,
 
and species'
 
Celastraceae 
Euonymus alatus (Thunb.) 
Siebold 
Ericaceae 
Vaccinium cogmbosum L. 
Hatnamelidaceae 
Liquidambar sraczflua L. 
Hydrangeaceae 
Philadelphus coronarius L. 
Magnolia grandzflora L. 
Oleaceae 
Forsythia viridissima Lind. 
Syringa amurensis Rupr. 
S. x chinensis Wild. 
S. x persica L 
S. vulgaris L. 
Rosaceae 
Prunus armeniaca L. 
P. avium (L.) L. 
P. laurocerasis L. 
cv. Otto Leuken 
P. semulata Lindl. 
Pyrus communis L. 
P. pyrifolia (Burin f.) Nakai 
Sorbus aucuparia L. 
Tiliaceae 
Tilia cordata Mill. 
Common name 
Spindle tree 
Highbush blueberry 
Sweet gum 
Mock orange 
Southern magnolia 
Golden bells 
Amur lilac 
Chinese lilac 
Persian lilac 
Common lilac 
Apricot 
Sweet cherry 
Cherry laurel 
Japanese flowering 
cherry 
Common pear 
Asian pear 
Mountain ash 
European linden 
Totals 
Bio+
 
CH+
 
3
 
3
 
1
 
7
 
2
 
11
 
1
 
9
 
4
 
216
 
4
 
5
 
2
 
1
 
2
 
5
 
2
 
0 
325
 
(No. of strainsb) 
Bio- Bio+  Bio-
CH- CH- CH+ 
0 0  0 
12 1  1
 
3 0  1
 
2 1  1
 
9  1 2
 
2 2  2
 
0 0  2
 
0 0  3
 
1 0  2
 
9  8  17
 
1 2  1
 
0 0  1
 
1 0  1
 
1 2 2
 
2 0  2
 
5 0 0
 
0 0  2
 
2 2  0 
107  47
  73
 
a  Latin binomials follow those in Scientific and common names of 7000 vascular plants in the 
United States. 1995. Brako, L. Rossman, A., and Farr, D. APS Press, St. Paul, MN.
b  Pathogenic in lilac bioassay = Bio+, non-pathogenic in lilac bioassay = Bio-, positive in 
colony hybridizations with syr probes = CH+, negative in colony hybridizations with syr
probes = CH-. 23 
In GATTa tests, P. gtingae pv. gringae strains should liquefy gelatin and hydrolyze 
aesculin but have no tyrosinase activity and be unable to utilize tartrate. Of the 552 strains 
tested, 90% liquefied gelatin, 75% hydrolyzed aesculin, 94% lacked tyrosinase activity and 
89% were unable to utilize tartrate (Table 2.2).  Fifty-nine percent of strains matched the 
GATTa phenotype for P. gringae pv. gringae while 30% differed in one test, 10% differed in 
two tests and 1% differed in three tests. When the two schemes were combined, 42% of 
the 552 strains matched the expected results for P. gringae pv. gringae. Fifty-nine percent of 
all strains were ice nucleation active and 73% of the strains that conformed  to the 
LOPAT/GATTa profile for P. gringae pv. glingae were ice nucleation active. 
Table 2.2.  Physiological and biochemical characterization of fluorescent, Gram-negative 
bacteria recovered from diseased woody plants. 
% of Strains  (n=552) 
Phenotype Total  'Bio+ Bio- CH+ CH- Phenotype Total Bio+ Bio- CH+ CH­
L+  73  52 21 55 18  L- 27  15 12 15 12 
0- 100  67 33 72 28 0+  0  0  0  0 0 
P- 100  67 33 72 28  P+  0  0  0  0 0 
A- 81  60 21  61 20  A+  19  7  12 9  10 
To4R)+  79  57  22  61  17  Tow- 21  11  10  10  12 
bL+0-P-A-T(HR)+  53  42  11  45  8 
G+  90  62 28 64 26  G- 10  6  4  6 4 
A (0+  75  53 22 54  21  Ace)- 25  15  10  16  9 
T- 94  65 29 67 27  T+  6  3  3 3 3 
Ta- 89  60 29 63 26  Ta+  11  8  3  7  4 
`G+A(e)+T-Ta- 59  44  15  45  14 
L+0-P-A-T(HR)+ & G +A(e)+T -Ta- 42  34  8  37  5 
INA+  59  44  15  47  12  INA- 41  24  17 24  17 24 
Table 2.2. Continued. 
LOPATtag) 
Matched  Differed in  Differed in  Differed in 
all tests  1 test  2 tests  3 tests 
53 32  10  5 
GATTa 
Matched  Differed in  Differed in  Differed in 
all tests  1 test  2 tests  3 tests 
59 30  10	  1 
a	  Bio = lilac bioassay, CH = colony hybridization with fyr probes, L = Levan produced on 
5% w/v sucrose agar, 0 = Oxidase activity with Kovac's reagent, P = Potato soft-rot, A 
= Arginine dihydrolase activity, T(H) = Tobacco hypersensitive response, G = Gelatin 
liquefaction, A(e) = Aesculin hydrolysis, T = Tyrosinase activity, Ta = Tartrate utilization, 
INA = Ice Nucleation Active 
b	  Expected phenotype for Pseudomonas gringae in LOPAT) tests: L+ 0- P- A- T)+ 
Expected phenotype for Pseudomonas yingae pv. gringae in GAJTa tests: G+Aw+T-Ta-
Pathogenicity bioassay. Of the 552 strains tested, 67% caused bacterial blight 
symptoms in the tissue-cultured lilac bioassay (Table 2.1).  Disease symptoms on the lilac 
plantlets included water soaked lesions on leaves, vein and petiole necrosis, and tip dieback. 
Symptoms appeared within as little as two days after inoculation and plantlets were 
completely necrotic after fourteen days.  Plantlets inoculated with non-pathogenic strain 
W4N77 or water only showed no disease symptoms after 14 days nor damage from the 10 
min exposure to freezing temperatures. No contaminant microorganisms were recovered 
from the stock plantlets and P. yingae pv. yingae was not able to grow on the lilac tissue-
culture medium. 25 
The proportion of strains pathogenic in the lilac bioassay varied according to the 
host from which they were initially isolated (Table 2.1). Of the 272 strains isolated from 
diseased lilacs, 88% were pathogenic in the bioassay while only 47% of the 152 strains 
isolated from diseased maples were pathogenic.  Strains from other woody plants were 
divided about evenly between pathogens and non-pathogens with the notable exceptions of 
highbush blueberry and southern magnolia which had a high proportion of non-pathogenic 
strains. 
DNA colony hybridizations. Of the 552 strains tested, 72% hybridized with the 
syr gene probes (Table 2.1). None of the strains hybridized with just one of the gr probes. 
As in the bioassay, some woody hosts yielded a higher percentage of strains which 
hybridized to the probes than did others (Table 2.1). Of the strains isolated from lilacs, 
93% hybridized with the probes while only 48% of the strains isolated from maples 
hybridized with the probes. The strains from the remaining plants were divided almost 
evenly between those which hybridized with the probes and those which did not. Notable 
exceptions again were highbush blueberry and southern magnolia which had  a high 
proportion of strains that did not hybridize with the probes. 
Comparison of lilac bioassay and colony hybridizations with syr gene 
probes.  Results of the lilac bioassay were in 78% agreement with results of the colony 
hybridizations. Fifty-nine percent of the strains were positive and 19% of the strains were 
negative by both methods (Fig. 2.1). Of the remaining 22% of strains, 9% were pathogenic 
in the bioassay but did not hybridize with the gr probes, and 13% were non-pathogenic in 
the bioassay but hybridized with the yr probes. A higher percent of strains that matched 
the established physiological and nutritional phenotypes for P. grzngae  pv. gringae were 
pathogenic in the lilac bioassay (88%) and hybridized with the probes (93%) than did strains 26 
with alternate phenotypes.  Results were obtained from the lilac bioassay in sixteen days, 
provided that lilac stock plantlets were available. Colony hybridizations took five days. 
Figure 2.1. Comparison of results for pathogenicity testing of 552 Pseudomonas gringae pv. 
gringae strains from a lilac tissue culture bioassay and DNA colony  hybridization with
probes p91 (grB) and p9 (grD) for syringomycin genes.  Pathogenic in lilac bioassay = 
Bio+, non-pathogenic in lilac bioassay = Bio-, positive in colony hybridizations with syr 
probes = CH+, negative in colony hybridizations with gr probes = CH-. 
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Predictive value of diagnostic tools.  Predictive values describing the likely 
meaning or correctness of test results were calculated for each of the diagnostic tools used 
in identifying strains pathogenic on lilac (Table 2.3).  Predictive value of a positive result 
describes the fraction of positive results which are true positives while the predictive value 
of a negative result describes the fraction of negative results which are true negatives (52). 
All diagnostic tools had a higher positive predictive value than negative predictive value, 
thus false positives were less frequent than false negatives. The  .gr probes had the highest 
predictive values for P. yringae pv. yringae pathogenic on lilac (82% positive, 67% negative). 
The LOPAT tests were second highest (79% positive,  49% negative) followed by the 
GATTa tests and INA which  were equal (75% positive, 44% negative).  The lowest 
predictive values were from fluorescent, gram-negative, oxidase  negative bacteria (67% 
positive, 0% negative). 
Table 2.3.  Predictive values of diagnostic tools for Pseudomonas gringae  pv. gringae 
pathogenic on tissue-cultured lilacs. 
Positive  Negative
Diagnostic tool  predictive value  predictive value 
Gram negative, oxidase negative
 
bacterium, fluorescent on KB  67%
  0% 
LOPAT)  79%  49% 
GA(e)TTa  75%  44% 
Ice nucleation active  75%  44% 
Colony hybridization  82%  67% 
with gr probes 28 
DISCUSSION
 
The lilac tissue culture bioassay and DNA colony hybridization with the syrB and 
grD probes for syringomycin genes provide two methods for rapid evaluation of 
pathogenicity in strains of Pseudomonas gringae pv. gringae isolated from woody plants. Lilac 
plandets produced uniform disease symptoms and were readily maintained in culture. 
Because none of the strains hybridized with only one of the probes, both grB and grD 
appear to be essential to syringomycin production and either gr probe could be used 
exclusively.  There was 78% agreement between the results of the lilac bioassay and 
hybridization with the gr probes lending confidence that the two methods give similar 
results. 
The LOPAT and GATTa testing schemes were developed to separate P. gringae 
pv. gringae from other Pseudomonas species and P. gringae pathovars but we found many 
strains that were pathogenic in the bioassay and hybridized with the gr probes that did not 
match the predicted results. If used exclusively, the LOPAT and GATTa tests would have 
underestimated the number of pathogens in our collection of strains by 30%. 
These determinative schemes did reveal considerable phenotypic diversity in our 
collection of presumptive P. gringae pv. gringae strains.  Seven percent of strains were 
oxidase-negative,  arginine  dihydrolase  active and pathogenic on  lilac.  The only 
phytopathogenic, fluorescent pseudornonad reported to have arginine dihydrolase activity is 
P. marginalis (45); however, P. marginalis is oxidase-positive (24). Most previous studies have 
automatically excluded strains with arginine dihydrolase activity as potential pathogens and 
some could have been overlooked.  Tobacco hypersensitivity was once believed to be 
strictly correlated with pathogenicity but HR-negative pathogens have been identified 
previously (1, 6, 16, 22). In this study, 11% of the HR negative strains were pathogenic on 29 
lilac and thus we conclude that this test should not be used exclusively  to identify 
pathogens. None of our strains caused potato soft-rot so this test was of no benefit in 
distinguishing between pathogens and non-pathogens. 
Ice-nucleation activity (INA) is a common phenotype of pathogenic P. yringae pv. 
yringae (1, 16, 26, 38) and in our study, INA was as well correlated with pathogenicity as 
were the GATTa tests. INA could be used as a preliminary screen but in prior studies, it 
has not been a reliable estimator of pathogenicity in P. gringae pv. gringae isolated from 
woody plants. Only half of the INA P. yringae strains isolated by Gross et al. (16) from fruit 
trees were pathogenic on immature pear and sweet cherry fruit.  Fifty-eight percent of the 
strains isolated by Baca et. al. (1) from woody ornamental plants  were INA yet 69% were 
pathogenic on immature tomato fruit. 
In previous studies, between 25 and 85% of the strains provisionally identified as 
P. yringae pv. yringae by physiological and biochemical tests were pathogenic in bioassays (1, 
5, 6, 10, 16, 22, 23, 28, 30, 37, 38, 41, 46, 49, 50).  In our study, the predictive values 
(positive or negative) of the LOPAT, GATTa and INA tests for P. yringae  pv. yringae 
pathogenic on lilac were between 44 and 79%. When these tests lead to false negative 
results, concluding that a strain is not pathogenic when it actually is,  growers may decide 
that no chemical disease control measures are needed and experience higher losses. 
Conversely, if all fluorescent, oxidase-negative, gram-negative bacteria isolated from woody 
plants are assumed to be pathogenic P. yringae pv. gringae, growers may decide to apply 
chemical bactericides when their use is not warranted. 
Our lilac bioassay directly identified pathogens.  Using tissue-cultured lilacs 
eliminates many variables from pathogenicity testing.  No competing microflora was 
detected on or in the lilac plantlets.  The microclimate inside the tissue-culture jars was 30 
uniform and conducive to disease development. Previous pathogenicity bioassays on lilac 
required bacteria to be directly injected into the petioles (49).  Briefly subjecting the 
inoculated plantlets to -5°C mimicked a spring frost event and provided consistent and 
uniform infection of leaves, petioles and stems. 
The percentages of pathogens detected in previous bioassays were especially low 
when the bioassay host was different than the original host. Although it is common for P. 
gringae pv. gringae strains isolated from diseased tissues to be pathogenic on other hosts, 
they were usually not as virulent on these other hosts as on their original host (12, 40, 43). 
Eighty-eight percent of our strains isolated from lilacs were pathogenic in the bioassay. Of 
hosts from which at least five strains were tested, more than the average 67% of strains 
isolated from mock orange, golden bells, apricot, and sweet cherry were pathogenic  on lilac. 
Less than 67% of the strains isolated from Japanese and Norway maples, highbush 
blueberry, sweet gum, southern magnolia, common pear, and Asian pear were pathogenic 
on lilac. The strains that were non-pathogenic on lilac might be epiphytes that are non-
pathogens on any host, or else they could have a host range that does not include lilac, 
making it problematic to classify them as P. .ryringae pv. gfingae. 
P. yringae pv. gringae is the only bacterium known to produce syringomycin and 
colony hybridization with the gr genes is a rapid and specific method to identify toxigenic 
strains. Seventy-two percent of our strains hybridized with the yrB and yrD gene probes 
for syringomycin.  This is fewer than the nearly ninety percent of P. gringae pv. gringae 
strains pathogenic on immature cherry fruit which hybridized with the gr probes reported 
by Quigley and Gross (36).  Ninety-three percent of strains isolated from lilac hybridized 
with the probes while other plant sources (i.e. highbush blueberry and maples) yielded lower 
percentages of probe-positive strains. The large numbers of non-pathogenic, non-toxigenic 31 
strains isolated from diseased tissues which  cannot be distinguished from pathogens by 
standard protocols is one of the confounding factors  in diagnosing Pseudomonas-incited 
diseases of woody plants (1, 6, 28, 29). 
Although the probes for syringomycin had the highest predictive values for 
identifying pathogens of any of the diagnostic tools in this study, 9% of strains  were 
pathogenic in the bioassay but did not hybridize with the gr probes. These strains may 
produce a different necrotizing toxin, such as syringopeptin (2), or may not rely on toxin 
production for pathogenesis. One study with peach seedlings reported that 25% of the 
canker-causing P. gringae pv. gtingae strains did  not produce syringomycin (34).  Mutants 
rendered defective in syringomycin production were still able to cause small necrotic lesions 
on immature cherry fruits with an estimated 50% decrease in virulence  (32, 47).  Thus 
syringomycin appears to be an important virulence factor, but not an obligate requirement, 
for pathogenicity in some  assays and for some strains.  The high proportion of 
syringomycin producing strains in natural populations suggests that there is strong selective 
pressure for toxin production.  Syringomycin may serve an ecological role in epiphytic 
growth of P. gtingae pv. gringae due to its antimicrobial activity (15). 
Thirteen percent of our strains were not pathogenic in the bioassay but hybridized 
with the probes for syringomycin. Non-pathogenic,  syringomycin-producing strains of P. 
gtingae pv. gringae have been isolated from maize (17) and from pome and stone fruit trees 
(16). Quigley and Gross (36) speculated that toxin production in these strains might be an 
altered phenotype selected through extensive laboratory culture.  SyrB and grD sequences 
were found in eight strains of P. gringae pv. gringae that were non-pathogenic on immature 
cherry fruit, most of which produced only low levels of syringomycin when  grown on 
selected media. Strains which produce low levels of syringomycin would be probe-positive, 32 
even if they were very weakly pathogenic and unable to parasitize the lilac plantlets in our 
bioassay. 
The majority of our strains, isolated from  a wide variety of woody plants, were 
pathogenic on lilac and hybridized with the probes for  syringomycin allowing for rapid 
evaluation of pathogenicity in strains provisionally  identified as P. gringae pv. gringae. 
Digoxigenin-labeling produced relatively inexpensive, stable, and sensitive gr probes that 
could be used in diagnostic labs without facilities for  handling radioactivity.  For routine 
diagnosis, a large number of suspected pathogens  could be tested very rapidly for 
syringomycin genes by colony hybridization and a smaller sub-set of those strains could be 
tested for pathogenicity on lilac. The syringomycin probes should be tested in squash  or 
dot-blot hybridizations for their capacity to identify pathogenic strains of P. gringae  pv. 
gfingae in plant tissue.  If successful, growers could submit plant samples,  receive a 
diagnosis, and commence disease management practices in under a week. 
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ABSTRACT
 
Growers' reports of disease-control failures following the  application of copper 
and streptomycin bactericides led to collecting and testing strains of Pseudomonas gringae for 
resistance to copper and streptomycin. A comparison of strains isolated from 25 species of 
diseased woody plants in the Willamette Valley, Oregon, in 1992 and 1993 was made with 
strains collected in 1982 and 1983 from 30 diseased  woody plant species in Oregon and 
Washington. On differential media supplemented with  copper sulfate or streptomycin 
sulfate, the growth of 467 isolates recovered in 1992  and 1993 was determined. Twenty-
four percent were found to be copper-resistant (Cu`) and streptomycin-sensitive (Sms), 6% 
were CusSmr, 24% were Cu' Sin' while 46% of the isolates were CusSms at the concentrations 
tested. Of 192 strains isolated in 1982 and 1983, 25% were CurSms, 7% were CusSm", none 
were CutSm' and 68% were CusSms.  In DNA colony hybridizations with digoxigenin­
labeled probes, the copABCD probe from P. gringae pv. tomato hybridized with 10% of the 
Cu` strains isolated in 1992 and 1993, and the copJ  probe from P. gringae pv. gringae 
hybridized with a different 6% of the Cu` strains isolated in 1992 and 1993. Neither probe 
hybridized with any Cu' strains isolated in 1982 and 1983. A DNA probe encoding the 
streptomycin resistance determinant strA-strB from P.  gringae pv. gringae hybridized with 
98% of the strains which grew on King's Medium B amended with 100 1..tg streptomycin 
sulfate per ml and 4% of the strains which did not. This is the first report of copABCD, 
copJ, and strA-strB homologues in strains of P. cyringae  from Pacific Northwest nurseries. 
The emergence of strains resistant to both  copper and streptomycin shows that growers 
need to explore new methods to control Pseudomonas diseases. 39 
INTRODUCTION
 
Pseudomonas gringae causes tip dieback, bud and flower blast, canker, and leaf spot 
on a wide variety of deciduous woody plants in Pacific Northwest nurseries (4,  13). The 
nursery industry was Oregon's most valuable agricultural sector in 1994 with gross sales of 
$385 million (33).  During the early 1990's, the severity and frequency of  Pseudomonas 
diseases have increased, and annual losses have been estimated at $8 million for ornamentals 
alone. Recommendations for control of P. glingae on many of these crops include a fall 
application of fixed copper (13).  Nurseries commonly apply multiple  sprays of copper-
containing bactericides, streptomycin sulfate, or both, beginning in the dormant season and 
continuing through the end of flowering or until leaves are fully unfurled. Even under these 
intensive regimens, disease management has often been ineffective.  The reasons for poor 
control are unknown and pathogen populations may have been selected for resistance to 
copper and streptomycin. 
Plasmid- encoded copper resistance (Cu') and streptomycin  resistance (Sm.') is 
becoming increasingly widespread in several genera of phytopathogenic bacteria including 
Envinia, Xanthomonas, and Pseudomonas (7).  Strains of P. gringae pv. giingae resistant to high 
concentrations of copper (1) and to both copper and streptomycin (24) have been isolated 
in Western U.S. fruit orchards.  In Oklahoma, strains resistant to both  copper and 
streptomycin have been isolated in commercial woody plant nurseries (25). 
The Cu` determinants from P. gringae pv. tomato (8) and P. gfingae pv. gringae (21) 
have been cloned and characterized.  The copABCD operon from P. gringae  pv. tomato 
confers resistance through a copper-sequestering system external to the cytoplasm (5). The 
copJ operon from P. gringae pv. 4-pingae shares some structural similarities with copABCD, but 
a different mechanism for Cu' is suspected (21).  To compare the genotypes of Cu` P. 40 
gringae strains with previously cloned copper resistance determinants, copABCD (3) and copJ 
(21) were used in DNA colony hybridizations. 
One type of streptomycin resistance, conferred by strA-strB aminoglycoside 
phosphotransferase genes, has been identified in several phytopathogenic bacteria including 
E. amylovora (6), X. campestris pv. vesicatoria (19), and P. gringae pvs. gringae (25) and papulans 
(11). The ecology and evolution of the strA-strB genes in plant pathogenic bacteria has been 
reviewed (29). 
The purpose of this research was to evaluate copper and streptomycin resistance 
in P. gringae from Pacific Northwest nurseries, compare the resistance of strains isolated in 
1992 and 1993 with strains isolated in 1982 and 1983, compare unsprayed landscape plants 
with those in commercial nurseries, and test previously cloned Cu` and Smr determinants  as 
probes in colony hybridizations. A preliminary report of the survey has been published 
(23). 
MATERIALS AND METHODS 
Isolation of Pseudomonas syringae.  Diseased woody-plants were collected 
from 44 commercial nurseries specializing in woody ornamentals and 7 landscape plantings 
of lilac in the Willamette Valley, Oregon, March through May of 1992 and 1993 (Figure 1). 
Plant samples with tip-dieback, bud and blossom blast, canker, or leaf spot were surface­
disinfested for 60 sec in 0.525% NaHOC1 (10% Clorox bleach) followed by  two 60 sec 
rinses in sterile distilled water (sdw). A 1 g sample from the margin between diseased and 
healthy tissue was macerated, aseptically transferred to 10 ml sdw, and allowed to stand for 1 
h at room temperature. Loopfuls of the resultant aqueous suspension were streaked onto 41 
King's medium B (KB) (12) and incubated for 48 hours at 28°C.  Characteristic colonies 
were re-streaked to ensure purity. Bacteria were preserved at -80°C in 1.6 ml sterile Luria-
Bertani broth (17) and 0.4 ml sterile glycerol G.T. Baker; Phillipsburg, NJ). The isolation of 
P. gringae strains in 1982 and 1983 has been described (4). 
Characterization of strains. Strains isolated in 1992 and 1993 were identified as 
P. gringae based on fluorescence on KB under UV-light at 350 nm and negative test results 
for both cytochrome oxidase (14) and arginine dihydrolase activity (32). The strains came 
from a diverse group of woody plants and pathogenicity tests on the original hosts were not 
feasible.  Because of the diversity of ecotypes of P. gringae (2, 9,  10, 20, 35), and the 
possibility of plasmid transfer between  genotypes (30, 31), no classifications were made 
below species. Strains isolated in 1982 and 1983 were characterized by fluorescence on KB, 
cytochrome oxidase, and arginine dihydrolase activity by Canfield et al. (4). 
Preparation of inoculum for media screening. Pseudomonas gringae strains were 
recovered from frozen storage, streaked on KB, and incubated at 28°C for 48 h. Individual 
colonies were suspended in sdw to a concentration ca. lx108 cfu/ml (0D50=0.3). 
Copper resistance. Casitone-yeast extract (CYE), a low-complexing mineral salts 
medium similar to that described by Zevenhuizen et al. (36) and modified by Anderson et al. 
(1) was used to evaluate strains for resistance to free copper ions. Bacterial suspensions in 
10 ml aliquots were spotted on CYE medium containing CuS045H20 (Anderson Labs; Ft. 
Worth, TX) at concentrations of 0, 0.16, 0.32, 0.48, 0.64, 0.80, or 0.96 mM. Pseudomonas 
syringae strains A1513, which grows on 0.80 mM CuSO45H20 and A1487, which does not 
grow on 0.16 mM CuSO45H20 were included as controls (1).  Cultures were incubated at 
28°C for 72 h, and the minimum concentration that  prevented colony growth (minimum 42 
inhibitory concentration, MIC) was recorded.  Strains able to grow on 0.32 mM 
CuSO4 5H20 or greater were considered copper-resistant. Each test had three replicates. 
Streptomycin resistance. Resistance to streptomycin was determined by spotting 
10 ml aliquots of bacterial suspension onto plates of KB amended with filter-sterilized (0.2 
mm) aqueous streptomycin sulfate (Sigma Co.; St. Louis, MO) made to a final concentration 
of 100 µg /ml (KBS). Pseudomonas gringae strains G1 and FF5 with resistance and sensitivity, 
respectively, to 100 pg streptomycin sulfate/ml (25) were included as controls.  Cultures 
were incubated at 28°C for 48 h, those that grew equivalently to strain GI were recorded as 
streptomycin-resistant. 
DNA colony hybridizations. The copABCD probe from P.  gringae pv. tomato 
consists of a 4.5 kb Pst I copper resistance determinant cloned in pUC18 and maintained in 
E. co/i DH5a (16). The 6.5 kb copJ probe from P. yringae pv. isyringae, also a copper resistance 
determinant, (21) was restriction-digested from pLAFR3 to produce a 2 kb Eco RI fragment, 
subcloned into pUC18 and transformed into E. co /i DH5a by the methods of Sambrook et 
al. (22). The plasmid-borne Smc determinant from P. gringae pv. gringae PSR1, a 3.7 kb Pst I 
fragment, cloned into pBluescript SK and maintained in E. co/i DH5a (25), was used as a 
probe for streptomycin resistance. This fragment has high identity to strA-strB genes from 
the broad host-range plasmid RSF1010 (25). 
DNA fragments were labeled with digoxigenin-11-dUTP (Genius kit; Boehringer-
Mannheim Biochemicals, Indianapolis, IN)  as described by the manufacturer.  Pre-
hybridizations were a minimum of 1 h at 68°C. Post-hybridization washes were two 5 min 
washes at 22°C in 2 X SSC (1 X  SSC = 0.15 M NaC1 + 0.015 M sodium citrate) plus 
0.1% sodium dodecyl sulfate (SDS) and two 30 min washes at 68°C in 0.1 X SSC plus 0.1% 
SDS. Colony hybridizations were repeated twice. 43 
RESULTS 
Isolation and characterization of Pseudomonas syringae strains.  Isolations 
were made from 25 plant species with tip-dieback, bud and blossom blast, canker, or leaf 
spot in 1992 and 1993 (Table 3.1). Nursery managers provided samples from plant genera 
with the highest incidence and severity of Pseudomonas diseases, hence the large number of 
samples from lilac (Sy inga vulgaris) and Japanese maple (Aver palmatum). A total of 467 
strains, 435 from commercial nurseries and 32 from landscape-planted lilacs,  were isolated 
and characterized as P. syringae. Strains resistant to copper, streptomycin,  or both, were 
obtained from 38 of the 44 nurseries;  no resistant strains were obtained from the 7 
landscape plantings (Figure 3.1). The collections in 1982 and 1983 yielded 192 strains of P. 
gringae from 30 species of woody plants (Table 3.2) in 32 nurseries in western Oregon and 
Washington (4). 44 
Table 3.1. Plant sources and resistance phenotypes of Pseudomonas gringae strains isolated in 
1992 and 1993 
Resistance phenotype
Family, genus,  (No. of strains)
and species'  Common name  CusSms CuSms CusSmr CurSmr 
Aceraceae 
Acer palmatum Thunb.  Japanese maple  34  21  4  21 
A. platanoides L.  Norway maple  4  0  1  0 
A. rubrum L.  Red maple  7  5  0  1 
A. saccharum Marsh.  Sugar maple  0  1  0  0 
A. truncatum Bunge.  Shantung maple  4  1  0  0 
Berberidaceae 
Berberis aqu#alium Pursh.  Oregongrape  0  2  0  0 
Caprifoliaceae 
Viburnum dentatum L.  Arrow-wood  1  5  0  1 
Celastraceae 
Euonymus alatus (Thunb.)  Spindle tree  0  0  0  3 
Siebold 
Ericaceae 
Vaccinium coymbosum L.  Highbush blueberry  1  15  0  4 
Hamamelidaceae 
Liquidambar soraciflua L.  Sweet gum  2  0  0  2 
Hydrangeaceae 
PhiladeObus coronarius L.  Mock orange  6  0  0  2 
Magnoliaceae 
Magnolia grandzflora L.  Southern magnolia  7  0  0  5 
Oleaceae 
Forsythia viridissima Lind.  Golden bells  6  4  0  2 
Syringa x chinensis Wild.  Chinese lilac  0  3  0  9 
S. amurensis  Amur lilac  1  2  0  0 
Syringa x persica  Persian lilac  3  0  0  3 
S. vulgaris L.  Common lilac  100  48  23  55 
Rosaceae 
Prunus armeniaca L.  Apricot  5  0  0  0 
P. avium L.  Sweet cherry  5  0  0  0 
P. laurocerasis L.  Cherry laurel  11  0  0  2 
cv. Otto Leuken 
P. serrulata Lindl.  Japanese cherry  3  2  0  1 
Pyrus communis L.  Common pear  3  2  1  0 
P. pniblia Nakai  Asian pear  9  0  0  0 
Sorbus aucuparia L.  Mountain ash  0  1  0  0 45 
Table 3.1. Continued. 
Resistance phenotype 
Family, genus,  (No. of strains) 
and species'  Common name  CusSms CurSms CusSmr CurSmr 
Tiliaceae 
Tilia cordata Mill.  European linden  3  0  0  0 
a  Latin binomials follow those in Scientific and common names of 7000 vascular plants in the 
United States. 1995. Brako, L.,Rossman, A., and Farr, D. APS Press, St. Paul, MN. 46 
Table 3.2. Plant sources and resistance phenotypes of Pseudomonas gringae strains isolated in 
1982 and 1983 
Family, genus, 
and species'  Common name 
Resistance phenotype 
(No. of strains) 
CusSms CurSms CusSmr CurSmr 
Aceraceae 
Acer palmatum Thunb.  Japanese maple  12  4  1  0 
A. rubnim L.  Red maple  6  3  0  0 
Anacardiaceae 
Rhus hirta (L.) Sudw.  Staghorn sumac  2  0  0  0 
Araliaceae 
Aralia spinosa L.  Devil's walking stick  1  0  0  0 
Betulaceae 
Coglus avellana L.  European filbert  5  4  0  0 
Celastraceae 
Euonymus alatus (Thunb.)  Spindle tree  5  3  0  0 
Siebold 
Comaceae 
Cornus Arida L.  Flowering dogwood  6  5  1  0 
Ericaceae 
Vaccinium coymbosum L.  Highbush blueberry  2  3  2  0 
Fabaceae 
Gleditsia triacanthos L.  Honey locust  3  0  0  0 
Laburnum anagyroides  Golden chain tree  0  2  0  0 
Medick. 
Fagaceae 
Fagus grandifolia Ehrh.  American beech  1  3  0  0 
Magnoliaceae 
Magnolia grandiflora L.  Southern magnolia  5  3  0  0 
Magnolia x soulangiana  Chinese magnolia  8  1  0  0 
Soul. 
Moraceae 
Mons alba L.  White mulberry  1  0  0  0 
Oleaceae 
Fraxinus americana L.  White ash  3  0  0  0 
Forsythia viridissima Lind.  Golden bells  4  0  0  0 
Syringa vulgaris L.  Common lilac  12  4  2  0 
Paeoniaceae 
Paeonia slthrniticosa Andr.  Tree peony  3  1  0  0 
Rosaceae 
Malus glvesttis Mill.  Crabapple  1  0  0  0 
Prunus avium L.  Sweet cherry  8  0  3  0 
P. persica L.  Peach  1  2  0  0 47 
Table 3.2. Continued. 
Resistance phenotype
Family, genus,  (No. of strains)
and species'  Common name  CusSm' CurSms  CusSmr CurSmr 
Rosaceae 
P. ttiloba Lindl.  Flowering almond  3  1  1  0 
P. pyrifolia Nakai  Asian pear  10  2  3  0 
Rosa odorata Andr.  Tea rose  4  0  0  0 
Sorbus aucupatia L.  Mountain ash  1  0  0  0 
Salicaceae 
Populus tremuloides Michx.  Trembling aspen  7  5  0  0 
Salix ba&lonica L.  Weeping willow  2  0  0  0 
Thymelaeaceae 
Daphne odoraL.  Winter daphne  4  2  0  0 
Tiliaceae 
Tifia americana L.  American linden  7  0  0  0 
Tilia cordata Mill.  European linden  4  0  0  0 
Latin binomials follow those in Scientc and common names of 7000 vascular plants in the 
United States. 1995. Brako, L.,Rossman, A., and Farr, D. APS Press, St. Paul, MN. 48 
Figure 3.1.  Commercial nurseries and landscape plantings  in the Willamette Valley,
Oregon, where strains of Pseudomonas gringae were isolated in 1992 and 1993. Symbols show
nurseries or landscapes where copper-resistant,  streptomycin-resistant, and copper- and
streptomycin-sensitive strains were collected. 
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Copper and Streptomycin Resistance.  Twenty-four percent of the  strains 
isolated in 1992 and 1993 and 25% of the strains isolated in 1982 and 1983 were resistant to 
copper. The highest MIC of copper sulfate in CYE for strains isolated in 1992 and 1993 
was 0.80 mM; the highest MIC of copper sulfate in CYE for strains isolated in 1982 and 
1983 was 0.32 mM (Figure 3.2). None of the 32 strains collected in 1992 and 1993 from 
landscape-planted lilacs were resistant to copper. No spontaneous copper-resistant mutants 
were observed from copper-sensitive strain A1487 grown on 0.16 mM copper sulfate. 
Figure 3.2. Frequency distribution of minimum inhibitory concentrations of CuSO45H20 
in CYE medium which prevented growth of Pseudomonas oningae strains isolated in 1982 and 
1983 (hatched bars) and 1992 and 1993 (solid bars). 
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On KBS, 6% of the strains isolated in 1992 and 1993 and 7% of the strains isolated 
in 1982 and 1983 were streptomycin-resistant (Table 3.3). None of the strains from 
landscape-planted lilacs were resistant to streptomycin. Spontaneous streptomycin-resistant 
mutants from Sms strain FF5 occurred at a frequency of ca. 1 in 106 cells and produced 
small, non-confluent colonies on KBS. 
Of the strains isolated in 1992 and 1993, 24% were resistant to both copper and 
streptomycin (Table 3.3). None of the 192 strains collected in 1982 and 1983 were resistant 
to both copper and streptomycin. 
Table 3.3. Number of Pseudomonas .gringae strains isolated in 1982 and 1983 and 1992 and 
1993 resistant to copper (Cur) and/or streptomycin (Sint) 
No. of strains (%) 
Resistance phenotype'  1982/1983  1992/1993 
CusSms  131  (68)  215  (46) 
CurSms  48  (25)  112  (24) 
CusSmr  13  (7)  29  (6) 
CurSmr  0  (0)  111  (24) 
Total  192  (100)  467  (100) 
Cu' = strains unable to grow on medium containing 0.32 mM copper sulfate.
 
Cu` = strains able to grow on medium containing 0.32 mM copper sulfate.
 
Sms = strains unable to grow on medium containing 100 pg streptomycin sulfate/ml.
 
Smr = strains able to grow on medium containing 100 jag streptomycin sulfate/ml.
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DNA-DNA colony hybridizations. The copABCD probe for copper resistance 
determinants hybridized with 10% of the strains isolated in 1992 and 1993, and all of the 
strains that hybridized were copper-resistant.  The copJ probe for  copper resistance 
determinants hybridized with a different 6% of the strains from 1992 and 1993, and all 
strains that hybridized were again copper-resistant.  The strains that hybridized with either 
copABCD or  cop]  were  equally  split  between  the  streptomycin-sensitive and the 
streptomycin-resistant phenotype (Table 3.4). Although neither of the probes hybridized 
with any copper-sensitive strain, 66% of the copper-resistant strains were not detected. 
None of the copper-resistant strains isolated in  1982/1983 hybridized with either the 
copABCD or the copJ probe. 
The strA-stti3 streptomycin resistance  determinant provided 94% agreement 
between growth on KBS and hybridization with the probe for strains isolated in 1992 and 
1993 and 1982 and 1983. Two percent of the strains grew on KBS but did not hybridize 
with the probe, and 4% hybridized with the probe but did not grow on KBS. 52 
Table 3.4. Number of Pseudomonas gringae strains isolated in 1992 and 1993 that hybridized 
with copper resistance determinants copABCD and copJ 
No. of strains (%) 
n=467 
Resistance phenotype'  copABCD  copJ 
CusSms  0  (0)  0  (0) 
CuSms  21  (5)  20 (4) 
Cu' Sm.'  0  (0)  0  (0) 
Cur Sin'  24 (5)  10  (2) 
Total  45 (10)  30 (6) 
a  Cu' = strains unable to grow on medium containing 0.32 mM copper sulfate. 
Cu` = strains able to grow on medium containing 0.32 mM copper sulfate. 
Sins = strains unable to grow on medium containing 100  .tg streptomycin sulfate/ml. 
= strains able to grow on medium containing 100 gg streptomycin sulfate/ml. 
DISCUSSION 
Copper and streptomycin resistance was widespread in strains of P. gringae isolated 
from commercial woody plant nurseries in the Pacific Northwest.  In comparing strains 
isolated in 1992 and 1993 with strains isolated in 1982 and 1983,  the number of copper-
resistant, streptomycin-sensitive and copper-sensitive, streptomycin-resistant strains has not 
increased.  However, while no strains isolated in 1982 and 1983 were resistant to both 
copper and streptomycin, this phenotype comprised 24% of the strains isolated in 1992 and 
1993. The fraction of copper-sensitive and streptomycin-sensitive strains was reduced from 
68% in 1982 and 1983 to 46% in 1992 and 1993.  In addition, the minimum inhibitory 53 
concentration of copper sulfate has increased by four  fold: from a high of 0.32 mM in the 
strains isolated in 1982 and 1983 to a high of 0.80 mM in the strains from 1992 and 1993. 
The increase in both fraction of strains resistant to both copper and streptomycin, and the 
concentration of copper to which they  are resistant, may help explain why chemical 
applications no longer provide adequate control of Pseudomonas gringae diseases. 
The minimum inhibitory concentration of copper sulfate which prevent growth of 
strains of P. gringae from the Willamette Valley was higher than measured in strains of P. 
gringae pv. tomato from Southern California (3) but lower than in strains of P. gringae pv. 
gringae from Northern California (21)  or from Hood River, OR (24).  These differences 
could reflect ecotype variation (10), or different selection pressures from sprays on nursery 
crops versus vegetable or fruit crops.  Alternately, Willamette Valley strains  may have 
different genetic determinants that confer copper resistance. 
The copABCD and copJ probes hybridized with 16% of the copper-resistant P. 
syringae strains isolated in 1992 and 1993.  These two copper resistance determinants have 
some structural similarities, but they apparently have functional and regulatory differences 
(21).  Genetic similarities in  copper resistance determinants is recognized in  a diverse 
collection of bacteria from the genera Pseudomonas (8), Xanthomonas (34) and Escherichia (15). 
The copper resistance mechanism in P. gtingae pv. tomato is sequestration of Cu2+ ions by 
periplasmic and outer membrane proteins with a two-component regulatory system (18). 
CopJ confers copper resistance to P. glingae pv. gtingae differently, possibly with an efflux 
mechanism that prevents copper ions from accumulating inside the cell (21). 
The Willamette Valley collection of  copper-resistant strains, some of which 
hybridized with copABCD and others with copJ, but most with neither, may be due to the 
movement of resistant strains across geographical areas or may represent a continuum of 54 
resistance mechanisms with varying degrees of relatedness to one another.  The probes 
failed to detect 68% of the copper-resistant strains of P. gringae from Northwest Nurseries. 
Apparently, there is a different mechanism of copper resistance functioning in these strains. 
Ninety-eight percent of the streptomycin-resistant P. gringae strains, both copper-
sensitive and copper-resistant, collected in 1992 and 1993 and in 1982 and 1983 hybridized 
with the strA-strB gene probe. The 2% of strains that grew on KBS but did not hybridize 
with the probe may have a mechanism of streptomycin resistance other than conferred by 
the strA-strB genes.  These strains could reflect a streptomycin resistance level due to 
polymorphisms of ribosomal binding sites seen in natural pathogen populations. Jones et. 
al. (11) observed that a small percentage of streptomycin-resistant P. gringae pv. papulans 
strains did not hybridize to strA-strB.  The 4% of the strains that hybridized with the probe 
but did not grow on KBS may have a non-functional copy of the strA-sttB genes. The 
excellent agreement between growth on KBS and hybridization with the strA-sttB genes 
allows colony hybridization to increase the efficiency and accuracy of detection of 
streptomycin-resistant strains while avoiding spontaneous streptomycin-resistant mutants 
on KBS test medium. 
Streptomycin resistance conferred by strA-strB genes  is  widespread among 
commensal and pathogenic bacteria from animals, plants, and humans which suggests they 
share a common gene pool (28). The strA-strB genes from P. glingae are located within the 
transposable element Tn5393, which is usually borne on a conjugative plasmid (27). Plasmid 
transfer has been implicated in the rapid dissemination of strA-strB genes within populations 
of plant pathogenic bacteria (29). This study shows that strA-strB homologues were present 
in P. glingae strains isolated in Pacific Northwest nurseries more than a decade ago. There 
has been no appreciable change in the number of copper-resistant, streptomycin-sensitive 55 
strains: 7% in 1982 and 1983 versus 6% in 1992 and 1993. However, 24% strains isolated in 
1992/1993 are copper- and streptomycin-resistant while this phenotype was not present in 
the strains isolated in 1982 and 1983.  This may reflect a recent compatibility between 
copper and streptomycin resistance genes, the ease of gene transfer within populations, or a 
response to the selection pressure of increased applications of bactericides over the past 
decade. 
The copper- and streptomycin-resistant phenotype has been previously reported 
in P. yringae pv. .yringae with resistance being stable  over many generations in vitro  (25, 26). 
Genetic analysis of P.  yringae pv. yringae from nurseries in Oklahoma grouped 12 plasmid 
types based on their size and resistance phenotype. Sundin et al. (25) concluded that the 
repeated application of bactericides had selected for many different P. yringae genotypes 
with transferable resistance determinants. 
No copper or streptomycin resistance was detected in  any of the strains of P. 
gringae isolated from landscaped-planted lilacs either by growth on amended media or by 
colony hybridization. These strains were isolated from mature shrubs in public parks and 
private gardens within similar geographic areas of the Willamette Valley, OR, and 
presumably have not been sprayed with either copper or streptomycin for many years.  If 
there were copper- or streptomycin-resistant strains of P.  yringae associated with these 
plants while they were in nurseries, these strains have not persisted in the landscape setting 
or spread out of nurseries. 
The presence of populations of P. syringae with resistance to both copper and 
streptomycin seriously compromises current nursery chemical control programs. Growers 
needed to explore alternative methods of disease control, including host resistance, and 
biological and cultural controls. In many nurseries, growing susceptible plants such as lilacs 56 
under plastic shelters during the winter and early spring, protecting them from rain and 
frost, has improved disease control. 
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ABSTRACT 
Fourteen formulations of copper-based bactericides were evaluated for their 
efficacy in reducing populations of copper-resistant and -sensitive strains of P. gringae pv. 
gringae growing on tissue-cultured lilac and of copper-sensitive strains of this pathogen on 
field-grown lilac. The amount of free copper ions (Cu24) in solution was the only predictor 
of formulation efficacy, but this variable could not be estimated from the metallic copper 
content of the product.  Relative to non-treated controls, all copper-based bactericides 
reduced the population size of copper-sensitive strains by 50%, but only cupric hydroxide 
mixed with mancozeb or ferric chloride reduced the population size of copper-resistant 
strains by an equivalent amount.  Several non-copper bactericides, including streptomycin 
sulfate, caused only small reductions in bacterial population size on tissue-cultured or field-
grown lilacs.  In the field, two applications of cupric hydroxide (wettable powder) when 
plant growth stages were at dormant (mid-February), and delayed dormant (late-February), 
provided better control than either one or no treatments. 
INTRODUCTION 
Economically damaging diseases caused by Pseudomonas gringae pv. gringae occur 
regularly on ornamental plants grown in nurseries in the Pacific Northwest (5, 32).  Lilac 
(Syringa vulgaris L.) is one of the most susceptible and commercial nurseries experience large 
economic losses from P. gringae pv. gringae.  Maximum symptom expression on lilac 
including dead dormant buds, leaf spots, blossom blast and shoot dieback, occurs in spring 
after the shrubs have been shipped to retailers.  During the late 1980s and 1990s, the 
severity and frequency of Pseudomonas-incited diseases in Oregon nurseries has increased; 62 
annual losses caused by this pathogen have been estimated at $8 million for ornamentals 
alone (38). 
Copper-based bactericides such as Bordeaux mixture, cupric hydroxide, cuprous 
oxide, copper salts of fatty acids, ammoniacal copper, tribasic copper sulfate, and mixtures 
of cupric hydroxide and ethylene bis-dithiocarbamates (EBDC), are registered for use on 
woody plants and have been used to control Pseudomonas-incited diseases with varying 
degrees of success  (9,  16, 24, 30, 44).  Other pesticides, including fungicides and 
disinfectants (6), have bactericidal action but have not been rigorously tested against P. 
glingae pv. gringae on woody plants. Present extension publications (32) and chemical labels 
do not provide enough detailed information on the quantity, timing, or rotation of these 
products for adequate disease control. Local nurseries have developed their own chemical 
disease control programs, usually involving applications of copper-based bactericides and/or 
streptomycin sulfate in fall, winter and spring. The applicability of these chemical regimens 
to other nurseries in the region on the wide variety of crops affected by P. gringae pv. 
glingae is unknown. 
Copper sprays applied to leaves exist predominantly as insoluble deposits of 
copper salts (27). Copper salts can be solubilized by water and by forming complexes with 
organic compounds that leach from leaves (3), but these processes remove a very small 
quantity of free cupric ions (Cu2+) from the particulates.  The concentration of Cu' on 
leaves depends on the equilibrium established with the complexed and soluble forms of 
copper and no strong relationship has been found between the total amount of copper and 
concentration of Cu' on leaf surfaces (27).  Cu2+ is the only form of copper toxic to P. 
gringae pv. gringae either in vitro or on leaves (27). Formulated copper-based bactericides list 
the active ingredient in percent metallic copper, a value based  on the chemistry of the 63 
insoluble copper salts. Studies with melanose disease on grapefruit showed that the amount 
of metallic copper explained only 37 to 60% of the variability in efficacy between copper-
based bactericides with higher rates not always providing proportionally higher levels of 
disease control (43). 
Many strains of P. gringae pv. gringae isolated from woody ornamentals and fruit 
trees in Washington, Oregon and California exhibit high levels of  copper resistance in 
culture (2, 38, 41).  In greenhouse and field trials with fruit trees, the growth rate and 
population sizes of copper-resistant strains of P. gringae pv. yringae were not decreased 
when the amount of cupric hydroxide applied on leaves exceeded four times the registered 
rate (2). Pseadomonas gringae pv. gringae strains isolated from diseased woody ornamentals in 
a survey of Pacific Northwest nurseries showed that resistance  to both copper and 
streptomycin is widespread in the pathogen population, and the level of resistance to 
copper increased four-fold between 1982 and 1993 (38). Even though strains are resistant 
to a given concentration of copper, increases in the quantity of available Cu24  in solution 
can reduce bacterial population sizes (27, 16).  There is evidence that some copper-based 
bactericides are superior to others at controlling bacterial diseases but results have not been 
consistent between pathogens or crops (1, 9, 11, 12, 13, 22, 23, 24, 30, 33, 34, 39, 44). Tank 
mixes of copper-based bactericides with fungicides, such as EBDC (8, 31), or heavy metals 
including iron (16) and zinc (4) have been shown to improve disease control by increasing 
the quantity of Cu2+ in solution. Superior copper-based bactericides or non-copper based 
bactericides for control of copper-resistant strains of P. gringae pv. syringae on nursery crops 
are greatly needed. 
The purpose of our study was to evaluate the efficacy of copper-based bactericides 
and alternative products at controlling  copper- and streptomycin-resistant and -sensitive 64 
strains of P. gringae pv. gringae on tissue-cultured lilacs and copper- and streptomycin-
sensitive strains of P. gringae pv. gringae on field-grown lilac. Additional trials were designed 
to standardize the number and timing of spray applications for field-grown lilac.  Chemical 
analysis of Cu2+ concentrations and total dissolved copper of copper-based bactericides 
were used to relate the quantity of copper in different forms to efficacy. 
MATERIALS AND METHODS 
Measurement of cupric ion concentrations and total dissolved copper. 
Cupric ion measurements of copper-based bactericides were made with a Orion model 94­
29 Cu2+ specific electrode (Orion Research Inc., Cambridge, MA) connected to an Orion 
model 601 pH/mV meter.  An Orion model 09-01 reference electrode was used in 
conjunction with the cupric ion electrode. Cu(NO3)2 solutions yielding Cu2+ concentrations 
in 10-fold dilutions between 1000 and 0.001 µg /ml were used to plot a calibration curve that 
related millivolt potentials produced by the electrode with Cu2+ concentrations.  The 
electrode slope was constant and curves relating millivolt potential and the logarithm of 
molar Cu2+ were linear (r = 0.97) for the concentration range of the standards. Standards 
and copper-based bactericides mixed at label rates with glass-distilled deionized water were 
adjusted to a pH of 7.0 using 1 N NaOH, and the electrical potentials of 100 ml samples 
were measured to +/- 1 mV under uniform temperature and illumination. All copper-based 
bactericides were tested three times and results were averaged. 
Concentration of total dissolved copper in the copper-based bactericides was 
measured with a Perkin-Elmer model 4000 atomic absorption spectrophotometer (Perkin-
Elmer Corp., Norwalk, CT) with an air-acetylene flame. Samples were diluted 1000-fold in 65 
glass-distilled deionized water and acidified with 5% HNO3 to ensure the copper salts were 
completely dissolved.  Copper standards for calibration were 10-fold dilutions of  a 
Cu(NO3)2 stock solution acidified with 5% HNO3 yielding between 1000 and 0.001  1..ig 
Cu/ml. All copper-based bactericides were tested twice and results were averaged. 
Tissue-cultured lilacs. A lilac tissue-culture system, developed for pathogenicity 
testing of P. yringae pv. yringae strains isolated from woody ornamentals (37), was used to 
compare the efficacy of copper-based and non-copper based bactericides for reducing 
populations of P. yringae pv. yringae on plants. Sytinga vulgaris cultivar Sensation stock plants 
were obtained from a commercial tissue culture nursery (Microplant Nurseries, Gervais, 
OR). Plant lets were axenically cultured in 200 ml glass jars with plastic lids on 35 ml of solid 
lilac tissue culture medium (Murashige and Skoog salts 4.3  g, 6-benzylamino-purine 2 mg, 
thiamine 0.4 mg, myo-Inositol 100 mg, sucrose 30 g, agar 6.5 g, distilled water 1 L, pH 5.2, 
all chemicals from Sigma Co., St. Louis, MO). Plant lets were grown at 25°C with a 16h 
photoperiod under 40W fluorescent bulbs in a constant temperature room and sub-cultured 
every 3-4 weeks. Random stock plantlets were sampled periodically for the presence of 
contaminating bacteria, yeast, and fungi by macerating plantlets in sterile distilled water 
(sdw) and streaking loopfuls of the resulting aqueous solution onto King's Medium B (KB) 
(14). Plates were incubated at 28°C for 7 days. 
Bacterial strains.  Isolation and characterization of copper- and streptomycin-
resistant strains of Pseudomonas yringae pv. yringae from diseased lilacs in commercial woody 
plant nurseries has been described (38). P. yringae pv. gringae strains used in this study were 
fluorescent on KB under UV-light (350 nm), negative for Gram's stain (36), ice nucleation 
active (19), pathogenic on lilac tissue-cultured plantlets, and hybridized with the yr genes for 
syringomycin (37).  In addition, strains conformed with all LOPAT (17) and GATTa (15) 66 
characters for P. sjringae pv. gringae.  Three strains, isolated from diseased lilacs in the 
Willamette Valley, OR, matching each of the following phenotypes 1) copper- and 
streptomycin-sensitive, 2) resistant to 0.16 mM CuSO4 in Casitone-yeast-extract (CYE) 
media (45)  streptomycin-sensitive, 3) resistant to 0.48 mM CuSO4 in CYE streptomycin-
sensitive, 4) resistant to 0.48 mM CuSO4 in CYE  resistant to 100 .tg streptomycin/ml in 
KB were selected for these experiments (Table 4.1).  Bacteria were preserved at -80°C in 
sterile Luria- Bertani broth (35) amended with 20% sterile glycerol. 
Table 4.1.  Copper and streptomycin resistance phenotype of Pseudomonas gringae pv. 
gringae strains isolated from diseased lilac in the Willamette Valley, OR. 
Strain'	  Resistance Phenotypeb 
(A)	  1A  Cus Sms
 
8B  Cus Sms
 
29A  Cu' Sms
 
(B)	  8A  Cus Sms
 
29B  Cus Sms
 
62F  Cu' Sms
 
Cu 
.16 4A	  Sms 
010.16 11D  Sms 
Cu
0.16 13F  Sms 
58D  Cu048 Sms 
11E  Cua48 Sms 
22A  Cu048 Sms 
19C  Cua48 Smr 
cu048 snit 20B 
010.48 Smt 49B 
Strains were inoculated on (A) field grown or (B) tissue-cultured lilacs. 
b	  Cus = copper-sensitive, strains unable to grow on CYE medium containing 0.16 mM 
CuSO4, Cu° 16 = copper-resistant, strains able to grow on CYE medium containing 0.16 
mM CuSO4, Cu°48 = copper-resistant, strains able to grow on CYE medium containing 
0.48 mM CuSO4.  Sin' = streptomycin-sensitive, strains unable to grow on King's 
medium B containing 100 I.tg streptomycin sulfate/ml,  = streptomycin-resistant, 
strains able to grow on King's medium B containing 100 lag streptomycin sulfate/ml. 67 
Inoculation and chemical treatments.  Before each experiment, strains were 
recovered from frozen storage by streaking onto KB and incubating for 48h  at 28°C. 
Bacteria were harvested from KB plates and suspended in sdw  to a concentration of 
approximately 1  x 104 colony forming units (cfu)/m1 (0D59,3=0.20).  Plant lets were 
submerged and gently swirled in the bacterial suspension for 30 sec and returned to their 
jars.  Inoculated plantlets in the jars were exposed to a temperature of -5°C in a chest 
freezer for 10 min to simulate a frost event. 
Where copper-based bactericides were labeled for ornamentals, the minimum 
dosage recommended by the manufacturer was selected. At these rates, most bactericides 
were phytotoxic to the tissue-cultured lilacs and the rates were reduced by 50 or 75% (Table 
2). The following copper-based bactericides were tested: Bordeaux mixture 4-4-100 (copper 
sulfate, 50% metallic Cu, plus hydrated lime; (21)), C -O -C -S WDG (copper oxychloride and 
basic copper sulfate, 50% metallic Cu; Clean Crop, Platte Chemical Co, Fremont, NE), 
Kocide 101  (cupric hydroxide, 50% metallic Cu), Kocide 101 plus  ferric chloride 
(FeC136H20, Sigma Chemical Co.,  St.  Louis, MO), Kocide 101  plus  zinc  sulfate 
(ZnS047H20, Sigma Chemical Co., St. Louis, MO), Kocide 2000 (cupric hydroxide, 35% 
metallic Cu), Kocide DF (cupric hydroxide, 40% metallic Cu), Kocide LF (cupric hydroxide, 
15% metallic Cu), ManKocide (cupric hydroxide, 30% metallic Cu, plus mancozeb) (Griffin 
Corp., Valdosta, GA), Kop-R-Spray (copper ammonium complex, 8% metallic Cu; Cooke 
Laboratory Products, Portland, OR), Microcop (tribasic copper sulfate, 50% metallic Cu; 
The Chas. H. Lilly Co., Portland, OR), Nordox WP (cuprous oxide, 50% metallic Cu; 
Monterey Chemical Co., Fresno, CA), Phyton 27 (copper sulfate plus tannic and picric 
acids, 5.5% metallic Cu; Source Technology Biologicals Inc., Minneapolis, MN), and MAC 
570 (copper sulfate, 15% metallic Cu, Nufarm Ltd. St. Joseph, MO). 68 
Several additional products are labeled for plant disease control and were tested at 
labeled rates (Table 3) as potential substitutes for copper-based bactericides: Agribrom (1­
Bromo-3-chloro-5,5-dimethy1-2,3-imiclq7olidinedione, Great Lakes Chemical Corp., West 
Lafayette, IN), Agri-mycin 17 (streptomycin sulfate, MSDAGVET, Renway, NJ), Kasumin 
(kasugamycin, United Agri-Products, Greeley, CO), Manzate 200 DF (mancozeb, E. I. du 
Pont de Nemours and Company Agricultural Products, Wilmington, DE), Physan 20 
(quaternary ammonium, Maril Products, Inc., Tustin, CA) and Plant Activator (Benzo 
(1,2,3) thiadiazole-7-carbothioic acid S-methyl ester, Novartis Limited, Basel, Switzerland). 
Ferric chloride (FeC13'6H20) and zinc sulfate (ZnS047H20) (Sigma Chemical Co., St. Louis, 
MO) were tested independently of cupric hydroxide for efficacy. 
Bactericides were mixed in 50 ml sdw and the plantlets were treated immediately 
after freezing. The plantlets were submerged and gently swirled in the bactericide solution 
for 30 sec, then returned to their jars and incubated at 25°C with a 16h photoperiod. An 
exception to this protocol was made for Plant Activator which functions through 
systemically activating plant resistance;. it was applied to the plantlets 4 days prior  to 
bacterial inoculation and freezing. 
At 0, 12, 24, 48, 72 and 96h post-bactericide treatment, plantlets were aseptically 
transferred to 15 ml plastic tubes containing 5 ml sdw. Tubes were sonicated for 2 min in 
an ultrasonic cleaner (Model 3210, Branson Sonic Power, Co., Danbury, CT) to liberate 
bacteria. Plant lets were blotted dry and weighed. Serial dilutions of the sonicate were made 
to 10-8, spread on KB plates, and incubated for 48h at 28°C. Water treated plantlets were 
used as controls. All bactericides were tested three times with all 12 P. yringae pv. gnigae 
strains. 69 
Data collection.  P. glingae pv. gringae populations were estimated after 48h 
incubation at 28°C from dilution plates with densities between 5 and 300 colonies. 
Populations were expressed as the logarithm (base 10) of bacteria per gram of fresh tissue. 
Field grown lilacs. In 1995, 1996 and 1997, copper-based and non-copper based 
bactericides for bacterial blight control were arranged in a completely randomized design in 
a block of lilac (Syinga vulgatis cultivar Ellen Willmott) planted in 1993 on a 1.5 x 4.5 m 
spacing. A cultural technique to protect shrubs from frost and rain was added in 1996 and 
1997. Translucent plastic (6 mil), supported by a tripod of metal stakes 1.5 m tall,. was used 
to cover shrubs assigned to this treatment. Shrubs were covered from mid-January through 
the end of April. The plastic tents completely surrounded the shrubs and duct tubing (15 
cm diameter) was incorporated into the top of the tent to increase ventilation. 
Inoculation and chemical treatments. All shrubs were inoculated with an equal 
part mixture of three copper- and streptomycin-sensitive P. gringae pv. gringae strains 
isolated in the Willamette Valley, OR, from diseased lilacs (38) (Table 4.1).  Inoculum was 
applied each year in the last week of January or the first week of February when the plants 
were fully dormant and in mid-February at delayed dormant, just prior to bud break. 
Inoculum was applied using a Solo backpack sprayer (Model 435, Solo Inc., Newport News, 
VA) at a concentration of 10
8 
cfu/ml and a rate of 200 ml per shrub giving a final inoculum 
dose of 2 x10 
10 
cfu/shrub. 
Rates for all chemical treatments were the minimum dosage for ornamentals 
recommended by the manufacturer (Table 4.4). When a product was not labeled for use on 
ornamentals, the minimum rate for control of bacterial pathogens on other woody plants 
was selected.  These copper-based bactericides were tested: Bordeaux mixture 4-4-100, 
Kocide 101 alone, Kocide 101 plus ferric chloride, Kocide 2000, Kocide DF, Kocide LF, 70 
ManKocide, and Phyton 27.  Several additional products were tested  as substitutes for 
copper-based bactericides: Agribrom, Agri-mycin 17, Kasumin, Manzate 200 DF, Physan 
20, and zinc sulfate. 
Bactericides were applied twice in 1995, 1996 and 1997, one week after each 
inoculation. The first application was made in early February while the shrubs were still 
fully dormant; the second application was made in early March when the shrubs  were at 
delayed dormant, just prior to bud break. In the 1995 trial which also evaluated the number 
and timing of Kocide 101 sprays, a third application was made to selected shrubs in the last 
week of March, immediately pre-bloom. Well water, used for mixing bactericides, had a pH 
of 6.4. Each bactericide was applied to 8 single shrub replicates; approximately  1 L of spray 
solution was used per shrub. 
Data collection. Incidence of bacterial blight was evaluated once per week for six 
weeks, from the middle of March through the end of April. Disease incidence was recorded 
by counting the number of green shoots with more than 50% of the leaf or flower tissue 
blighted. 
Data analysis, tissue-cultured and field-grown lilac.  For the tissue culture 
studies, the log-transformed counts of P. gringae pv. gringae were plotted as a progress curve 
of bacterial population increase over time. The area under the population progress curve 
(AUPPC=ERY,,, + Y)/21[X,4.1-XJ in which Yi=bacterial population  at the ith observation, 
X,=tirne (hours) of the ith observations)  was calculated for each bactericide (40).  Data 
collected in the lilac field trials were plotted  as a disease progress curve of disease incidence 
over time. The area under the disease progress curve (AUDPC=E[(Y,,, + Y)/2][X,+i-XJ in 
which Y =bacterial population at the ith observation, Xi=time (days) of the ith observations) 
was calculated for each bactericide. The SAS general linear models procedure (Statistical 71 
Analysis Systems software, release 6.08 (SAS Institute Inc., Cary, NC)) was used to perform 
analysis of variance on the AUPPC and AUDPC means which were separated by the 
Student-Newman-Keuls test (P = 0.05). 
RESULTS 
Measurement of cupric ion concentrations and total dissolved  copper. 
Copper as metallic is the active ingredient of copper-based bactericides listed by the 
manufacturer. These values were compared with the amount of Cu2+ and total dissolved 
copper liberated in aqueous solution (pH 7.0) for each of the 14 copper-based bactericides 
(Table 4.2). The amount of Cu2+ was not significantly correlated to the percent copper as 
metallic (Figure 4.1) or to the total dissolved copper (Figure 4.2).  Metallic copper and 
dissolved copper concentrations were not strongly correlated with each other (Figure 4.3). 72 
Table 4.2. Percent metallic copper as specified by manufacturer and measured free Cu2+ 
and dissolved copper in 14 formulations of copper-based bactericides. 
Copper-based  Percent  Free Cuz+  Dissolved 
bactericide  metallic copper  (µg /m1)'  Copper (gg/m1)b 
Bordeaux  25  2.50 + 0.04  155 ± 5 
C-O-C-S  50  1.50 + 0.04  359 ± 16 
Kocide 101  50  0.50 + 0.03  139 ± 4 
Kocide 101 + FeC137H20  50  22.00 ± 0.05  143 ± 11 
Kocide 101 + ZnSO46H20  50  0.80 + 0.08  150 ± 13 
Kocide 2000  35  0.70 ± 0.01  121 ± 13 
Kocide DF  40  0.10 + 0.03  132 ± 18 
Kocide LF  15  0.01 + 0.002  76 ±  1 
Kop-R-Spray  8  9.40 + 0.20  126 ± 2 
ManKocide  30  6.40 + 0.04  138 ± 23 
Microcop  50  13.00 + 0.50  345 ± 21 
Nordox WP  50  0.04 + 0.001  579 ± 22 
Phyton 27  6  5.40 + 0.40  83 ± 5 
MAC 570  15  3.70 + 0.50  375 ± 21 
a  Cu2+ liberated in aqueous solution (pH 7.0) measured by cupric ion electrode. 
b  Total dissolved copper measured by atomic absorption spectrophotometry. 73 
Fig. 4.1.  Relationship between the concentration of Cu2+ (µg /ml) and metallic  copper 
(%)(P=0.71).  Points are the mean observations for each of the fourteen copper-based 
bactericides described in Table 4.2. 
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Fig. 4.2.  Relationship between the concentration of Cu2+ (µg /m1) and dissolved copper 
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bactericides described in Table 4.2. 
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Tissue-cultured lilacs. A disease epidemic that would take 4 to 6 weeks on lilacs 
in the field was compressed into 4 to 6 days  on the tissue-cultured lilac plantlets.  All 
chemicals reduced P. gringae pv. gringae populations on plantlets immediately after treatment 
(time = 0) relative to the water treated controls (Table 4.3).  In the 96h post-treatment, 
bacteria that were able to escape or tolerate the chemicals became established and multiplied 
on the plantlets, increasing as much as 1000X in the first 24h.  Populations continued to 
increase an additional 10X in each subsequent 24h period regardless of treatment. Thus the 
efficacy of each bactericide was dependent on its ability to reduce the initial population size 
and not the population growth rate.  After 96h, plantlets with P. DItingae  pv. yingae 
populations in excess of 1 x 106 cfu/gram showed visible  sy iptoms of bacterial blight 
including water soaked lesions on leaves, vein and petiole necrosis, and tip dieback. Water-
treated, non-inoculated control plants and control plants treated with the non-pathogenic P. 
yingae pv. yingae strain were unaffected by freezing. 77 
Table 4.3. Effect of copper-based bactericides on populations of copper-sensitive (Gus) 
and copper-resistant (Cu') Pseudomonas gringae pv. gringae strains grown on tissue-cultured
lilac (cv. Sensation). 
Trade Name  Rate per liter  AUPPC 
Active Ingredient  Recommended  Applied  CU' b  Cu` 
Untreated control 
Bordeaux
 
CuSO4 SHP
 
+ lime
 
C-0-C-S
 
CuC123Cu(OH)2
 
& CuS045H20
 
Kocide 101
 
Cu(OH)2
 
Kocide 101
 
Cu(OH)2
 
+ FeC13 6H20 
Kocide 101
 
Cu(OH)2
 
+ ZnSO4-7H20
 
Kocide 2000
 
- Cu(OH)2
 
Kocide DF
 
Cu(OH)2 
Kocide LF 
- Cu(OH)2 
Kop-R-Spray 
- Cu(NH3)2 + Cu2CO3 
ManKocide 
Cu(OH)2 + Zn, Mn & EBDC 
Microcop 
CuS043Cu(OH)2 
Nordox WP 
Cu2O 
Phyton 27 
- CuS045H20 
& tannic & picric acids 
MAC 570 
CuS045H20 
N/A  N/A  538 a`  543 a 
4.8 g  1.2 g  25 i  353 i 
4.8g  1.2g 
4.8 g  1.2 g  106 f  398 fg 
1.2 g  0.6 g  155 e  423 e 
1.2 g  0.6 g  40 hi  256 j 
N /A  50 .tg 
1.2 g  0.6 g  133 e  420 e 
N/A  50 1.1g 
1.2 g  0.6 g  200 d  461 d 
1.2 g  0.6 g  227 c  471 d 
1.2 g  0.6 g  334 b  524 b 
5.0 ml  1.2 ml  34 hi  380 h 
1.2 g  0.6 g  54 gh  251 j 
4.8 g  1.2 g  53 gh  408 f 
6.0 g  1.5 g  133 e  429 e 
1.6 ml  0.8 ml  146 e  507 c 
5.0 ml  2.5 ml  73 g  395 g 78 
Table 4.3. Continued. 
a	  AUPPC=E[(Y,,, + Y)/2] [X,,,-Xj in which Yi=bacterial population at the jib observation, 
Xi=time (hours) of the ith observations. 
Cus = copper-sensitive, strains unable to grow on CYE medium containing 0.16 mM 
CuSO4, Cu°16 = copper-resistant, strains able to grow on CYE medium containing 0.16 
mM CuSO4, Cu°48 = copper-resistant, strains able to grow on CYE medium containing 
0.48 mM CuSO4.
 
Treatment means within a column followed by the same letter do not significantly differ
 
according to the Student-Newman-Keuls test (P=0.05).
 
Copper- and streptomycin-sensitive and -resistant strains had similar population 
growth curves on control plantlets treated with water (data not shown).  There was no 
significant difference between the growth of P. gringae pv. .gringae strains resistant to 0.16 
mM versus 0.48 mM CuSO4 for any of the copper- or non-copper based bactericides and 
the data were combined.  All copper-based bactericides, except Kocide LF, reduced the 
AUPPC values of copper-sensitive strains by more than 50% (Table 4.3). These 7 copper-
based bactericides reduced AUPPCs of copper-sensitive strains by 80% or more: Bordeaux, 
C-O-C-S, Kocide 101 + ferric  chloride, Kop-R-Spray, MAC 570, ManKocide, and 
Microcop. Kocide 101, Kocide 101 + zinc sulfate, Kocide 2000, Kocide DF, and Kocide 
LF, Nordox, and Phyton 27 reduced AUPPCs by 38-75%. For copper-resistant strains, 
only Kocide 101 + ferric chloride and ManKocide reduced AUPPCs by 50%. Bordeaux, 
C-O-C-S, Kop-R-Spray, MAC 570, and Microcop reduced AUPPCs by 25-35% and Kocide 
101, Kocide 101 + zinc sulfate, Kocide 2000, Kocide DF, Kocide LF, Nordox, and Phyton 
27 reduced AUPPCs by only 7 to 22%. 
The amount of Cu2+ in a formulation was the best predictor of efficacy of copper-
based bactericides for reducing populations of copper-resistant (Figure 4.4) or -sensitive 79 
strains (Figure 4.5) of P. gringae pv. gringae on lilac.  Bactericides that released 1.50 1..ig 
Cu27m1 or more gave the largest reductions in AUPPCs. These include Bordeaux (2.50 
.tg /ml), C-O-C-S (1.5 pg/m1), Kocide 101 + ferric chloride (22.0 µg /ml), Kop-R-Spray 
(9.40 µg /ml), Microcop (13.0 pg/m1), and MAC 570 (3.70 Kg/m1).  Bactericides that 
released 0.80 jig Ce/m1 or less gave smaller reductions in AUPPCs. These include Kocide 
101 (0.50 .tg /m1), Kocide 101 + zinc sulfate (0.80 µg /ml), Kocide 2000 (0.70  µg /ml), 
Kocide DF (0.10 pg/m1), Kocide LF (0.01 fig/m1), and Nordox (0.04 µg /ml). The only 
exception was Phyton 27 which liberated 5.40 lag Cu27m1 yet was not in the group of 
copper-based bactericides that gave the largest reduction in AUPPCs. 80 
Fig. 4.4. Relationship between the concentration of Cu2+ (µg /ml) and percent control of 
copper-resistant strains of Pseudomonas syringae pv. syringae strains grown on tissue-cultured 
lilac (cv. Sensation) relative to the untreated control (P = 0.03).  Points are the mean 
observations for each of the fourteen copper-based bactericides described in Table 4.2. 
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Fig. 4.5. Relationship between the concentration of Cu2+ (µg /ml) and percent control of 
copper-sensitive strains of Pseudomonas yringae pv. Diringae strains grown on tissue-cultured 
lilac (cv. Sensation) relative to the untreated control (P = 0.05).  Points are the mean 
observations for each of the fourteen copper-based bactericides described in Table 4.2. 
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There was no significant difference between the growth of copper-resistant or ­
sensitive P.  gringae  pv.  yringae  strains on plantlets treated with non-copper based 
bactericides and the data were combined.  All non-copper based bactericides reduced 
AUPPCs significantly over water treated controls (Table 4.4). Agribrom was the only non-
copper based formulation that reduced AUPPCs by over 60%. For plantlets treated with 
ferric chloride, Kasumin, Physan 20, Plant Activator and zinc sulfate, the AUPPCs  were 
reduced by 5% or less relative to the water-treated controls. 
The AUPPCs for streptomycin-sensitive and -resistant P. yringae pv. gtingae strains 
on plantlets treated with Agri-mycin 17 were significantly different. Agri-mycin 17 reduced 
the AUPPCs of streptomycin-sensitive strains by 25% but reduced the AUPPCs for 
streptomycin-resistant strains by only 5% relative to the water controls. 83 
Table 4.4.  Effect of non-copper based bactericides on populations of streptomycin-
sensitive (Sms) and streptomycin-resistant (Sm') Pseudomonas gringae pv. gtingae strains grown 
on tissue-cultured lilac (cv. Sensation). 
Trade Name  Rate per Liter  AUPPC 
Active Ingredient  Recommended  Applied  Sms 
b  Smr 
Untreated control  N/A  N/A  542 a'  535 a 
Agribrom 
C5H6BrCIN2O2  1.0 g  1.0 g  207 e  198 e 
Agri-mycin 17 
streptomycin sulfate  1.8 g  1.8 g  407 d  509 c 
Ferric chloride 
FeC13 6H20  N/A  50 p.g  513 c  508 c 
Kasumin 
Kasugamycin  1.5 ml  1.5 ml  514 c  519 c 
Phys an 20 
Quaternary ammonium  1.3 ml  1.3 ml  516 c  515 c 
Plant Activator 
- C8H6N20S2  0.2 g  0.2 g  530 b  529 b 
Zinc sulfate 
ZnS047H20  N/A  50 mg  515 c  513 c 
a  AUPPC=Z[(Yi, + Y)/2][Xii_i-X.4] in which Yi=bacterial population at the ith observation, 
Xi=time (hours) of the ith observations. 
b  Sms = streptomycin-sensitive, strains unable to grow on King's medium B containing 
100 p.g streptomycin sulfate/ml, Smr = streptomycin-resistant, strains able to grow on 
King's medium B containing 100 pg streptomycin sulfate/ml. 
Treatment means within a column followed by the same letter do not significantly differ 
according to the Student-Newman-Keuls test (P=0.05). 84 
Field grown lilacs.  Climatic variation between years led to large differences in 
disease epidemics.  Non-inoculated shrubs in a nearby plot experienced  lower levels of 
disease than the inoculated shrubs in all 3 trials.  In 1995, conditions were very favorable for 
disease development with late  season frosts and wind-driven rain storms.  The disease 
epidemic was severe; 80% of green shoots on control shrubs were blighted and virtually all 
flowers were blasted. In 1995, Bordeaux and Kocide 101 reduced AUDPCs by more than 
70%, whereas Phyton 27 and zinc sulfate reduced AUDPCs by 50% (Table 4.5).  The 
amount of Cu2+ in a formulation was the best predictor of efficacy of copper-based 
bactericides for controlling copper-sensitive strains of P. gringae pv. gringae on field-grown 
lilac (Figure 4.6). None of these  treatments provided a commercially acceptable level of 
disease control in 1995. 
The disease epidemic in 1996 was much less severe than in 1995; 40% of green 
shoots and flowers on control shrubs were blighted and there were significant differences 
between treatments. Kasumin, Kocide LF, and Physan 20 reduced AUDPCs by less than 
10% and were not significantly different from the untreated control (Table 4.5). Agribrom, 
Kocide DF, and Manzate had AUDPCs 20 to 35% less than the control whereas AUDPC 
reductions from Agri-mycin 17 and Kocide 101 were 54 and 59%, respectively. Kocide 101 
+ Manzate and Bordeaux were the most effective treatments in 1996, reducing AUDPCs by 
67 and 72%, respectively. The plastic shelters were also very effective, with AUDPCs 70% 
less than the control. 
The disease epidemic in 1997 was very similar to the epidemic in 1996. In 1997, 
Kocide LF reduced AUDPCs by only 14%.  Kocide 2000, Manzate, and Kocide DF had 
AUDPCs 30-40% less than the control whereas AUDPC reductions from Agri-mycin 17, 
Bordeaux, Kocide 101, Kocide 101 + FeC13, Kocide 101 + Manzate, and ManKocide were 85 
between 57% and 68%. The plastic shelters were also very effective in 1997, with AUDPCs 
75% less than the control. 
Table 4.5.  Effect of bactericide application  on blight of field-grown lilac  (cv. Ellen
Willmott) caused by Pselldomonas gringae pv. gringae in the Willamette Valley, OR in 1995,
1996, 1997. 
Trade Name  AUDPC 
Active Ingredient  Rate/ha  1995  1996  1997 
Untreated control  N /A  1623 a"  783 a  791 a 
Copper-based formulations: 
Bordeaux  1.8 kg  435 c  223 g  254 d 
- CuSO4 5H20 + lime 
Kocide 101  0.45 kg  492 c  324 of  333 d 
- Cu(OH)2
 
Kocide 101  0.45 kg
  ND`  ND  272 d 
Cu(OH)2+ FeC13 6H20  0.005 kg
 
Kocide 101  0.45 kg  ND  256 fg
  273 d 
Cu(OH)2+ Manzate  0.45 kg
 
Kocide 2000  0.45 kg  ND
  ND  480 c 
- Cu(OH)2
 
Kocide DF  0.45 kg
  ND  581 cd  551 c 
Cu(OH)2
 
Kocide LF  0.63 L
  ND  775 a  684 b 
- Cu(OH)2 
ManKocide  0.45 kg  ND  ND  258 d 
- Cu(OH)2+ EBDC, Mn, Zn
 
Phyton 27  0.63 L
  728 b  ND  ND 
CuSO45H20 + tannic & picric acids 
Non-copper based formulations: 
Agribrom  0.45 kg  ND  637 be  ND
 
C5H6BrC1N202
 
Agri-mycin 17  0.45 kg  ND  355 e  303 d 
streptomycin sulfate 
Kasumin  0.12 L  ND  706 ab  ND 
kasugamycin 
Manzate  0.45 kg  ND  519 d  472 c 
mancozeb 86 
Table 4.5. Continued 
Trade Name  AUDPC 
Active Ingredient  Rate/ha  1995  1996  1997 
Physan 20  1.40 L  ND  744 a  ND 
Quaternary ammonium 
Zinc sulfate  1.8 kg  761 b  ND  ND 
ZnS0,17H20 
Plastic shelters	  N /A  ND  235 fg  194 d 
a	  AUPPC=Z[(Yi+i + Y)/2][X,,1 -XJ in which Vbacterial population at the ith observation, 
X,=time (hours) of the ith observations. 
b	  Treatment means within a column followed by the same letter do not significantly differ 
according to the Student-Newman-Keuls test (P=0.05). 
Not determined. 87 
Fig. 4.6. Relationship between the concentration of Cu2+ (µg /m1)  and percent control of 
copper-sensitive strains of Pseudomonas yringae pv. gringae strains grown on field-grown lilac 
(cv. Ellen Willmott) relative to the untreated control (P  = 0.03).  Points are the mean 
observations for each of the nine copper-based bactericides described in Table 4.5. 
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Number and timing of spray applications.  Single or multiple applications of 
Kocide 101 at any time in 1995 significantly reduced AUDPCs compared to the non-treated 
control (Table 4.6). A 70% reduction in AUDPCs relative to the control was measured on 
shrubs treated with Kocide 101 at both dormant and delayed dormant growth  stages. A 
single Kocide 101 spray at dormant or delayed dormant were statistically equal and these 
treatments had AUDPCs approximately 50% lower that the control. If Kocide 101 was not 
applied until pre-bloom, a significant epidemic was already in progress and AUDPCs were 
reduced only 20% relative to the control. 
Table 4.6. Effect of timing of Cu(OH)2 (Kocide 101) application on blight of field-grown 
lilac (cv. Ellen Willmott) caused by Pselldomonas yringae pv. Dlingae in the Willamette Valley, 
OR in 1995. 
Trade Name  Timing of 
- Active Ingredient  Rate/ha  Application'  AUDPCb 
Untreated control  N/A  N /A  1623' 
Kocide 101 
Cu(OH)2  0.45 kg  Dormant  855 c 
0.45 kg  Delayed dormant  746 c 
0.45 kg  Pre-bloom  1456 b 
0.45 kg  Dormant and 
0.45 kg  Delayed dormant  492 d 
a  Application dates were as follows: Dormant = February 8, Delayed dormant = March 1, 
Pre-bloom = March 28. 
b  AUPPC=EKY,,, + Y)/21[X,,,-XJ in which Y,=bacterial population at the ith observation, 
Xi=time (hours) of the ith observations. 
Treatment means within a column followed by the same letter do not significantly differ 
according to the Student-Newman-Keuls test (13---0.05). 89 
DISCUSSION
 
The large numbers of copper-resistant strains of P. yringae pv. gringae present in 
commercial ornamental nurseries where copper-based bactericides have been used for many 
years are probably responsible for increased reports of disease control failure. Because the 
concentration of cupric ions and not the total amount of copper in a formulation 
determines toxicity to bacterial cells, it is unlikely that simply increasing the number or rate 
of copper applications will provide effective control of copper-resistant P.  yringae pv. 
gringae strains. 
Many of the copper and non-copper based bactericides were very phytotoxic to 
the tissue-cultured lilacs and rates had to be reduced. This was not unexpected because the 
plantlets have a very thin cuticle. The advantages from using a tissue-culture system  were 
that environmental conditions were constant and chemicals did not weather off leaves with 
rain or dew. Conditions were very favorable for disease development on the tissue-cultured 
lilacs and rapid screening of new products for efficacy against bacterial pathogens could be 
easily done in such a system.  Phytotoxicity was not a problem for the field-grown lilacs 
treated with copper or non-copper based  bactericides while the shrubs were dormant. 
However, growers need to be concerned about the phytotoxic effect of some copper-based 
bactericides when applied to green tissues or to plant species more sensitive to copper 
phytotoxicity than lilac. 
Populations of P. yringae are generally low on young leaves and flowers which are 
colonized by epiphytes as they grow (10, 18, 20, 29). Bactericide treatments must reduce or 
suppress population increases on plant surfaces to reduce disease. The tissue-cultured lilacs 
were free of microflora prior to inoculation with low concentrations of P. yringae pv. 
gringae.  All copper-based and non-copper based bactericides reduced the bacterial 90 
populations on the lilac plantlets but  were never eradicative.  The bacterial cells that 
remained may have survived the application  or colonized areas of the plantlets that 
chemicals could not reach. 
Copper-resistant strains of P. yringae exhibit a quantitative rather than qnalitative 
resistance to copper in laboratory culture. Strains of P. syingae pv. syringae with two discrete 
levels of copper resistance were used in this study. The growth of strains resistant to a 
relatively low concentration of copper (0.16 mM CuSO4) was equivalent to the growth of 
strains resistant to a much higher concentration of copper (0.48 mM CuSO4) on plantlets 
treated with copper-based bactericides.  Anderson et.  al (2) showed that  exposure of 
copper-resistant P. gfingae to sublethal concentrations of CuSO4 in growth medium resulted 
in an increase in resistance to  copper in subsequent generations of more than sevenfold. 
They hypothesized that the low, constitutive level of resistance to cupric ions expressed by 
these strains of P. gringae may be important  in the process by which cells are induced to 
express higher levels of resistance upon sensing higher  concentrations of cupric ions. 
Strains inoculated to lilac plantlets in our experiments were not induced to maximum levels 
of copper resistance before inoculation, however, the individuals that survived treatment 
with copper-based bactericides were probably induced to express a higher level of resistance 
by the sublethal concentrations of cupric ions to which they were exposed. Once induced 
by the copper treatment, the bacterial strains with initially different levels of resistance 
multiplied at an equivalent rate and reached similar  maximum populations.  Ornamental 
nurseries with P. gringae with any level of resistance to copper should be using copper-based 
bactericides judiciously. 
Menkissoglu and Lindow (26) showed that Cu' is the only form of copper toxic 
to copper-sensitive and copper-resistant strains of P. gringae. They found no evidence for 91 
the toxicity of copper complexed with glucose, fructose, sucrose, succinate  or citrate, 
organic compounds found commonly on leaf surfaces.  Soluble but complexed forms of 
copper, while abundant on orange and bean leaves, had no significant toxicity towards 
copper-sensitive or copper-resistant strains of P. glingae in their study. In a second paper 
(27), they demonstrated that the concentration of Cu2+ found on bean leaves treated with 
either high or low rates of Cu(OH)2 were very similar, demonstrating that the amount of 
Cu2+ will be largely determined by the equilibrium constants of the organic complexes and 
leaf surface chemistry, and not by the quantity of insoluble copper salts that are present. 
Cu2+ concentrations liberated by the copper-based bactericides ranged from 0.04 
µg /ml to 22.0 .tg /ml and could not have been estimated by the metallic copper provided by 
a bactericide's label. Cu2+ concentrations were the best predictor of a bactericide's efficacy 
against copper-sensitive or -resistant strains of P. glingae pv. gringae on the tissue-cultured 
lilacs and copper-sensitive strains on field-grown lilacs.  Excepting Phyton 27, bactericides 
that released more than 1.50 tig Cu2±/m1 were most effective against P. gringae pv. glingae. 
Phyton 27 is a product used to control Ophiostoma ulmi and is formulated to be injected into 
elm trees rather than applied to leaves. Although it released a relatively high concentration 
of Cu2+ in aqueous solution, this did not translate to efficacy against P. gringae pv. gtingae on 
the p hyllo sph ere. 
Significant differences in Cu 24 concentrations and efficacy against copper-sensitive 
and -resistant strains of P. .gringae pv. gringae existed between the various formulations of 
cupric hydroxide.  There has been an industry-wide trend to reduce the metallic Cu in 
bactericides to limit copper contamination of soil and water and lower production costs for 
the manufacturer.  While Kocide 2000 (35% metallic Cu) was not significantly different 
from Kocide DF (40% metallic Cu), Kocide LF (15% metallic Cu)  was much less effective 92 
and none of these formulations released as much Cu2+ or were as effective as Kocide 101 
(50% metallic Cu). ManKocide (30% metallic Cu) was very effective but cupric hydroxide is 
not the only active ingredient in this product; some bactericidal activity should be attributed 
to the 15% mancozeb. Kocide 2000 and OF are both dry flowables and neither were as 
effective as Kocide 101, a wettable powder. Timmer and Zitko (43) also found liquid and 
dry flowable formulations of cupric  hydroxide not highly effective against melanose on 
grapefruit.  Their study and one by Schwartz  and McMillan (39) found significant 
differences between cupric hydroxide  bactericides produced by different manufacturers, 
suggesting that inert materials could effect the availability of Cu2+, even at equivalent rates of 
metallic Cu. 
Other researchers have compared the  efficacy of copper-based bactericides and 
results have varied between and  among pathosystems.  One study of copper-sensitive 
strains of P. Dlingae pv. glingae on apricots (44) found Bordeaux mixture  (basic copper 
sulfate + hydrated lime)  was superior to cupric hydroxide.  This was corroborated by 
another group that determined tribasic  copper sulfate to be more effective than  a 
formulation containing copper salts of fatty and rosin acids at reducing copper-resistant 
populations of P. gtingae pv. moraprunorum on cherry (30).  Copper ammonium carbonate 
was found to be superior to Cu + maneb (EBDC) against Xanthomonas campestris pv. citri on 
citrus (24), but the reverse was true for Cu + mancozeb against P. syringae pv. tomato on 
tomatoes (8).  In our study, both were very effective against copper-sensitive strains of P. 
gtingae pv. gringae, whereas ManKocide (cupric hydroxide + mancozeb) was markedly better 
at controlling copper-resistant strains. 
Copper plus  mancozeb consistently outperformed  all  other copper-based 
bactericides in field studies with P. syringae pv. tomato on tomatoes (8, 11, 12), P. gtingae pv. 93 
gtingae on beans (39), and X campestris pv. vesicatoria on peppers (22, 23, 33, 34).  The 
increased toxicity of mancozeb (manganese-zinc ethylene bis-dithiocarbamate) mixtures 
with copper-based bactericides  appears  to be associated with  the  ability of the 
dithiocarbamate anion to chelate copper and transport Cu2+ to copper-susceptible sites 
within the bacterial cell (25). Lee et al. (16) showed that adding iron in the form of ferric 
chloride to cupric hydroxide resulted in increased toxicity to copper-resistant strains of X. 
campestris pv. juglandis on walnut. The ferric ion apparently has a direct physiological effect 
on X campestris pv. juglandis causing it to be more susceptible to the toxic effect of the cupric 
ion.  Also, the addition of ferric chloride to cupric hydroxide increased the availability of 
Cu2+ on leaf surfaces by lowering the pH and by cation exchange with Fe3+.  This 
phenomenon appears to be Fe3+-specific, as lowering pH with hydrochloric acid or adding 
MnSO4, MgC12, MgSO4, CaC12, NaCl and KC1 did not increase the availability of Cu2±. In 
our study, adding ferric chloride to cupric hydroxide increased the Cu2+ concentration 40­
fold and was very effective against copper-resistant strains of P. gringae pv. syringae.  Zinc, 
used either as a substitute for copper or in addition to copper, has been effective in 
controlling copper-resistant strains of X. campestris pv. juglandis (4).  Zinc formulation 
appears to be important; in our study, cupric hydroxide plus zinc sulfate was not 
significantly better than cupric hydroxide alone at controlling P. g?ingae pv. gringae while 
cupric hydroxide plus zinc and maneb, cupric hydroxide plus zinc sulfate-calcium hydroxide, 
and alternating sprays of cupric hydroxide and zinc sulfate-calcium hydroxide  were effective 
against X. campestris pv. juglandis. 
Agribrom was the only non-copper based bactericide as effective as the copper-
based bactericides against P. syringae pv. goingae on tissue-cultured lilacs.  Unfortunately, the 
results from the tissue-cultured lilacs did not hold up in the field.  The effect of multiple 94 
applications of Agribrom is worth investigating as results were promising early in the season, 
but declined over time. Agri-mycin 17 was only moderately effective against streptomycin-
sensitive strains of P. gringae pv. yingae on both tissue-cultured and field-grown lilacs and 
several copper-based bactericides were more effective.  Several studies have rated 
streptomycin-sulfate equal to or better than copper-based bactericides in field trials with P. 
gringae pv. tomato on tomatoes (7, 8, 11), X campestris pv. vesicatoria on peppers (23) and X. 
campestris pv. citri on citrus (24), especially when applied very frequently and throughout the 
growing season. Agri-mycin 17 is only registered for use on a couple of ornamental woody 
plants in Oregon. Widespread use of streptomycin on ornamentals in the future is unlikely 
as streptomycin resistance genes are widespread in human, veterinary and plant pathogens 
(42), including strains of P. gtingae pv. yingae isolated from Northwest nurseries (38). 
Copper and non-copper based bactericides applied to field-grown lilacs have not 
consistently provided adequate disease control. In 1995 when disease levels were very high, 
a commercially acceptable level of control was not achieved with any of the copper- or non-
copper based bactericides. Protecting woody plants from late spring frosts and heavy rain is 
important for preventing epidemics. Covering lilacs with ventilated plastic shelters hastened 
their growth approximately one week compared to unprotected shrubs. Disease levels on 
the sheltered shrubs were equivalent to those treated with the most effective copper-based 
bactericides.  Nurseries in the Pacific Northwest should consider integrating cultural 
practices into their overall management of Pseudomonas diseases. For example, growing lilac 
and other woody plants susceptible to P. yingae pv. gringae under plastic shelters until the 
risk of frost injury is over and heavy spring rains have ended. 95 
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ABSTRACT 
Copper-based bactericides are used extensively for disease control in ornamental 
nurseries and copper resistance has increased in populations of the phytopathogenic 
bacterium Pseudomonas syringae pv. yringae Despite strong selection pressure for copper 
resistance in this environment, copper-sensitive P. yringae pv. yringae were consistently 
isolated from individual necrotic lesions on lilac (Syringa vulgaris, Syringa x chinensis, Syringa x 
persica) and Japanese maple (Acer palmatum). The frequency of isolation of copper-sensitive 
and -resistant P. yringae pv. yringae were lognormally (base 10) distributed.  Variability in 
isolation frequency of copper-resistant P. yringae pv. yringae from different locations or 
within individual lesions may reflect differences in copper application, in the frequency of 
loss of copper resistance in lesions, or several individual strains with different levels of 
copper resistance co-initiating a single, spreading lesion.  Only copper-sensitive bacteria 
were isolated from lilacs that had not been exposed to copper for many years, whereas 
copper-resistant P. yringae pv. yringae were recovered frequently from plants at commercial 
nurseries. Copper bactericides should be used judiciously to minimize the development and 
maintenance of copper resistance in P. yringae pv. yringae. 
INTRODUCTION 
Bacterial blight, caused by Pseudomonas yringae, is a major production problem 
affecting many species of deciduous woody ornamental plants grown in commercial 
nurseries in the Pacific Northwest (4, 13, 14). Recommendations for control of P. yringae 
on many of these crops include a fall application of a copper-based bactericide (13) but 
nurseries commonly apply multiple bactericide sprays beginning in the dormant season and 101 
continuing through the end of flowering or until leaves are fully developed. Because of the 
frequent use of copper-based bactericides,  copper resistance is increasing in pathogen 
populations. This increase is both in the number of individual strains with resistance to 
copper, and the quantity of copper ions that strains are able to tolerate (14). 
Despite the strong selection pressure for resistance to copper in environments 
where bactericides are applied frequently, copper-sensitive strains of P.  gringae have been 
consistently isolated from the phyllosphere of diseased woody plants  in ornamental 
nurseries and fruit orchards (1, 7, 8, 14, 17, 18).  Sensitive or only moderately copper-
resistant populations are persistent in these environments of high bactericide use, suggesting 
that there may be a fitness cost associated with maintaining a copper-resistant phenotype. 
If highly resistant phenotypes are less fit in the absence of copper, withholding bactericide 
applications could lead to a decrease in resistant populations over time. 
Large variations in bacterial populations are commonly observed in both epiphytes 
and endophytes on the phyllosphere.  Factors that influence the epidemiology of foliar 
phytopathogens have recently been reviewed (2).  Statistical rules including assumptions of 
the normal distribution, independence of the variances and means, normal distribution of 
experimental error terms, homogeneity of variances and additivity of treatment and error 
effects, are rarely conformed with when quantitating bacterial populations  (6, 9).  A 
lognormal probability distribution, where the growth of bacterial populations is assumed to 
be multiplicative  rather than  additive, has been used to  describe populations of 
pseudomonads isolated from the rhizosphere (12) and phyllosphere  (10) of herbaceous 
plants. In these studies, transformed values given by the logarithm (base  10) of Pseudomonas 
populations provided a better approximation of a symmetric, normal distribution with mean 
population sizes that closely approximated the median population size. 102 
This study was initiated to quantify the variability of copper-sensitive and -resistant 
populations of Pseudomonas syingae isolated from the phyllosphere of ornamental woody 
plants grown in commercial nurseries where copper-based bactericides  are applied 
frequently, and in landscape plantings where pathogens  are not controlled.  Of special 
interest was the variability in copper-sensitive and -resistant populations of P. Ditingae 
isolated from two woody plant genera (Syringa and Acer) where production losses from 
bacterial blight are economically significant. 
MATERIALS AND METHODS 
Sampling procedures. Necrotic plant tissues with  symptoms of bacterial blight 
including tip and shoot diebacks, and leaf and blossom blast, were selected at random from 
blocks of naturally infected, containerized lilacs (Syringa vulgaris, Syringa  x chinensis, Syringa x 
persica) and Japanese maple (Acer palmatum) (approx. 3-5 years old).  Collections were made 
in April, 1995, at five commercial woody plant nurseries and  at one large landscape planting 
of lilac (Syringa um/saris) in the Willamette Valley, Oregon. Ten to thirty samples, each from a 
different plant, were individonlly bagged, transported on ice, stored at 5°C, and processed 
within 24 hours of collection. 
Tissue samples were surface-disinfested for 60  sec in 0.525% NaHOC1 (10% 
Clorox bleach) followed by two 60 sec rinses in sterile distilled water (sdw). A 1 g sample 
from the margin between diseased and healthy tissue  was macerated and aseptically 
transferred to sterile test tubes containing 10 ml sdw. Tubes were sonicated for 2 min in an 
ultrasonic cleaner (Model 3210, Branson Sonic Power, Co., Danbury, CT)  to liberate 
bacteria.  Casitone-yeast extract (CYE), a low-complexing mineral salts medium similar to 103 
that described by Zevenhuizen et al.(20) as modified by Anderson et al. (1), amended after 
autoclaving with sterile cycloheximide (150  µg /ml, Sigma Chemical Co.),  was used to 
evaluate P. yringae isolates for resistance to copper. Serial dilutions were made to 10-7 in sdw 
and 100  1.11  aliquots were spread  on plates of CYE medium containing CuSO45H20 
(Anderson Labs; Ft. Worth, TX) at concentrations of 0 or 0.16 mM. Pseudomonas yringae pv. 
yringae strain A1513 which grows on 0.16 mM CuS045H20, and P. yringae pv. yringae strain 
A1487 which does not,  were included as controls for the CYE medium  (1).  Plates were 
incubated at 28°C for 72 h and colonies with P. yringae morphology were enumerated. 
Data Analysis. Pseudomonas yringae isolates were identified by colony morphology 
and growth on CYE relative to control strains. Bacterial populations were estimated from 
dilution plates with densities between  5 and 300 colonies.  The plate counts  were 
proportional to their dilution from the original sonicate. The number of P. syringae colonies 
per sample that were sensitive to 0.16 mM CuSO4 or resistant to 0.16 mM CuSO4 were 
calculated. Populations were recorded as colony forming units (cfu) per gram of tissue. 
Statistical analysis was performed on untransformed bacterial populations and on 
log transformed (base 10) population values. The SAS univariate procedure was used to 
obtain values for the Shapiro-Wilk Wstatistic (15), a measure of the correlation between the 
spacing of ordered data and the ordered expected values.  Quantile-quantile (Q-Q) plots 
(19) were used to visualize the distribution of univariate measurements for the P. yringae pv. 
yringae population data sets.  Normal quantiles are the average deviation due to random 
sampling error for each quantile order in a sample of N observations,  drawn at random 
from a normal population with Ft = 0 and c = 1.  The Q-Q plot provides  a graphical 
method for comparing how well the bacterial population data approximate the normal over 
a given distribution of univariate measurements.  Comparisons were made for bacterial 104 
populations of each copper resistance phenotype isolated in different  locations (nurseries 
vs. landscape) and from different woody plant genera (Syringa vs. Acer). 
RESULTS 
Collection and evaluation of P. syringae populations for  resistance to 
copper. Three-hundred and five tissue samples from 16 blocks of lilacs (Syringa vulgarir (cvs. 
Lucie Baltet, Mme. Lemoine, Michael Buchner, Angel White, President Greavy, Meyeri), 
Syringa x chinesis, Syringa x persica), and eighty tissue samples from 4 blocks ofJapanese maple 
(Acer palmatum (cvs. Red Rhapsody, Sango Kaku)), were collected at five commercial woody 
plant nurseries.  Thirty samples from lilac  (Syringa vulgarzlr (unknown cultivars))  were 
collected from a large landscape planting of mature shrubs growing in a lilac display garden. 
Population sizes of copper-sensitive and -resistant P. syringae  were highly variable 
between blocks of lilacs (Table 5.1) or Japanese maples (Table 5.2).  Means of copper-
sensitive populations isolated from necrotic lesions on lilacs varied 262-fold (ranging from 
3.4 x 105 cfu/gram to 8.9 x 107 cfu/gram) and 60-fold among necrotic lesions on Japanese 
maples (ranging from 4.3 x 105 cfu/gram to 2.6 x 107 cfu/gram). Mean populations of 
copper-resistant populations from lilacs varied 200,000-fold (ranging from  3.0 x 102 
cfu/gram to 6.0 x 107 cfu/gram) and 1130-fold on Japanese maples (ranging from 2.3 x 103 
cfu/grarn to 2.6 x 106 cfu/gram). No copper-resistant P.  syringae were isolated from the 
landscape planting of lilacs. 105 
Table 5.1. Lognormal (base 10) populations of copper-sensitive and -resistant Pseudomonas 
gringae isolated from lilac (Syringa sp.). 
Location, 
Host  Cultivar 
No. of 
samples 
Resistance Phenotype' 
Cu'  Cu' 
Landscape 
planting 
Syringa vulgaris  unknown  30  6.14  0.00 
Nursery A 
S. vulgaris 
S. vulgaris 
S. vulgaris 
S. vulgaris 
S. vulgaris 
`Lucie Bake 
`Mme. Lemoine' 
`Mme. Lemoine' 
`Michael Buchner' 
`Michael Buchner' 
15 
10 
20 
20 
20 
7.91 
5.53 
7.05 
7.91 
7.83 
5.86 
2.89 
7.78 
6.29 
7.33 
Nursery B 
S. x chinensis 
S. vulgaris 
S. vulgaris 
unknown 
`Angel White' 
`Angel White' 
20 
20 
20 
7.95 
7.80 
7.90 
7.48 
7.66 
7.12 
Nursery C 
S. vulgaris 
S. vulgaris 
unknown 
unknown 
20 
20 
6.73 
7.28 
5.13 
5.96 
Nursery D 
S. x persica 
S. vulgaris 
S. vulgaris 
unknown 
`Mme. Lemoine' 
Greavy' 
20 
20 
20 
7.35 
7.80 
7.25 
5.33 
2.93 
7.04 
Nursery E 
S. vulgaris 
S. vulgaris 
S. vulgaris 
`Meyer? 
`Meyeri' 
`Meyer? 
20 
20 
20 
7.99 
7.64 
6.98 
7.19 
2.47 
5.40 
Mean 
Median 
7.36 
7.45 
5.52 
5.96 
a  Cus = Pseudomonas gringae strains unable to grow on 0.16 mM CuSO4 in CYE, 
Cu` = Pseudomonas .syringae strains able to grow on 0.16 mM CuSO4 in CYE 106 
Table 5.2. Lognormal (base 10) populations of copper-sensitive  and -resistant Pseudomonas 
yingae isolated from Japanese maple (Acer palmatum). 
Location,  No. of  Resistance Phenotype'

Host  Cultivar  samples  Cu'  Cu`
 
Nursery B 
Acer palmatum `Red Rhapsody'  20  8.16  6.42 
Nursery D 
A. palmatum  `Sango Kaku'  20  7.41  5.62 
Nursery E 
A. palmatum  `Sang° Kaku'  20  5.68  3.90 
A. palmatum  `Sang° Kaku'  20  7.11  3.36 
Mean  7.09  4.83 
Median  7.26  4.76 
a	  Cu' = Pseudomonas gringae strains unable to grow on 0.16 mM CuSO4 in CYE, 
Cu` = Pseudomonas gringae strains able to grow on 0.16 mM CuSO4 in CYE 
Statistical analysis of these data sets with the Shapiro-Wilk  test for normality 
indicated that untransformed population values (expressed as cfu per gram of tissue) of the 
17 lilac and 4 Japanese maple data sets  were not approximated by a normal distribution 
(Table 5.3). Untransformed copper-sensitive and -resistant P.  gringae had computed values 
for W ranging from 0.58 to 0.16 with values for P<W less than 0.0001. With W values far 
less than 1.0, the null hypothesis stating that  a normal distribution can describe these 
untransformed bacterial population values was rejected. In contrast, the null hypothesis was 
not rejected when logtransformed values (expressed  as logio [cfu per gram of tissue]) of 
these same data sets were analyzed with the Shapiro-Wilk  test.  Following the logic, 
transformation, values for W ranged from 0.90 to 0.73 and P <W values were greater than 107 
0.05 in all 21 data sets. These results indicate that copper-sensitive and -resistant P. gringae 
populations are more closely approximated by a lognormal (base 10) than  a normal 
distribution. 
Table 5.3. Normality of lilac (Syringa Jp.) and Japanese maple (Acer palmation) data  sets of 
copper-sensitive and -resistant Pseudomonas gringae populations  as determined by the 
Shapiro-Wilk test. 
Shapiro-Wilk testa 
Sample  Resistance  Cfu per lesion  Logo (cfu per lesion)
Genera  Size  phenotype"  W  P<W  W  P<W 
Syringa  335	  Gus  0.35  <0.0001  0.90  0.16
 
Cu`  0.37  <0.0001  0.85  0.20
 
Acer  80	  Cu'  0.58  <0.0001  0.91  0.09 
Cu`  0.22  <0.0001  0.89  0.15 
a  The Shapiro-Wilk test for normality was performed on untransformed and logic, 
transformed populations of Pseudomonas gringae isolated from 17 lilac and 4 maple data 
sets. IV values approaching 1.0 support a normal distribution. P values (quantiles) were 
obtained by the SAS system through interpolation within a range of critical values 
provided by Shapiro and Wilk (15). 
= Pseudomonas gringae strains unable to grow on 0.16 mM CuSO4 in CYE 
Cut = Pseudomonas gringae strains able to grow on 0.16 mM CuSO4 in CYE 
The quantile-quantile	  or Q-Q plot of Wilk and Gnanadesikan  (19),  as 
demonstrated by Cleveland (5), was used to visualize the distribution of  univariate 
measurements for the P. gringae population data sets.  Graphs of the normal quantile 
function 0Q0 for the logio transformed populations of copper-sensitive P.  gringae (Figure 
5.1), and copper-resistant P. syringae (Figure 5.2) from a representative lilac block (Syringa 
vulgaris 'Angel White' n=20) from Nursery B are provided. Graphing the logo transformed 108 
data rather than the untransformed data removes the convex skewedness of the normal 
distribution toward large values and substantially simplifies the  structure of the data sets. In 
each graph, a straight line is superimposed  onto the data points to help judge the 
straightness of the data pattern. 
Figure 5.1. Q-Q plot of copper-sensitive Pseudomonas gringae isolated  from lilac (Syringa 
vulgaris cv. Angel White, Nursery B). 
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Figure 5.2. Q-Q plot of copper-resistant Pseudomonas  gringae isolated from lilac (Sytinga 
vulgaris cv. Angel White, Nursery B). 
No. of bacteria (logo) 
For both of the copper-sensitive and -resistant P. gringae populations, the overall 
pattern of data points appears as a nearly straight line, thus showing that the data are 
reasonably well approximated by the lognormal (base 10) distribution. The data from these 
populations are close to symmetry following logic, transformation, although there is a small 
amount of remaining skewedness where the data quantiles in the lower and upper tails are 
slightly too close to the median. The slope of the line imposed on the pattern of points of 
the Q-Q plot is an indicator of the standard deviation within the logic, distribution. The 
slopes of these figures were used to judge the standard deviations as approximately equal for 
these data sets. 110 
Populations  of Pseudomonas  syringae  from  Syringa  versus  Acer. 
Comparisons were made between the copper-sensitive and copper-resistant populations of 
P. syringae isolated at Nurseries B, D and E where  samples were collected from both lilacs 
and Japanese maple (Table 5.4).  Analysis with the SAS general linear models  procedure 
showed no significant differences between the logo  transformed values for populations 
sensitive to copper (Pr>F 0.25), or resistant to copper (Pr>F 0.44) between the two plant 
genera. 
Table 5.4. Lognormal (base 10) populations of copper-sensitive and -resistant Pseudomonas 
syringae isolated from lilacs (Syringa Jp.)  or Japanese maples (Acer pa/mat* in Nurseries B, D,
and E. 
Genera  Resistance phenotype' 
Cu'  Cu` 
Syringa  7.63 ab  5.85 a
Acer  7.32 a  5.23 a 
a  Cu' = Pseudomonas gringae strains unable to grow on 0.16 mM CuSO4 in CYE, 
Cu` = Pseudomonas syringae strains able to grow on 0.16 mM CuSO4 in CYE.
b  Treatment means within a column followed by the same letter do not significantly differ 
according to the Student-Newman-Keuls ratio (P = 0.05). 
Populations of Pseudomonas syringae from  commercial woody plant 
nurseries versus landscape plantings.  Comparisons were made between  copper-
sensitive and -resistant populations of P. syringae isolated from lilacs (Syringa vulgaris, Syringa x 
chinesis, Syringa x persica) in 5 commercial nurseries  and from 1 landscape planting of lilacs 
(Syringa vulgaris) in a display garden (Table 5.5).  Landscape-planted lilacs had significantly 
smaller populations of copper-sensitive P.  syringae (1.4 x 106 cfu/gram) than lilacs in 111 
commercial nurseries, which were statistically equivalent to one another (ranging from 1.0 x 
10' cfu/gram to 7.6 x 10' cfu/gram). No copper-resistant P.  gringae were isolated from 
landscape-planted lilacs where presumably copper-based bactericides have not been applied 
since the shrubs were established (minimum of ten years). 
Table 5.5.  Lognormal (base 10) populations of copper-sensitive and copper-resistant 
Pseudomonas gringae isolated from lilac (Syringa sp.) and use of copper-based bactericides to 
control bacterial blight in the six months prior sampling. 
Location	  No. of Copper  Resistance phenotype' 
applications  Product  Rate  Cus  Cu` 
Landscape 
Planting  0  N/A  N /A  6.16 ab  0.00 a 
Nursery 
A  1  Cu(OH)2  ND`  7.41 b  6.41  c 
B  7  Cu(OH)2  1 lb/100 gal  7.88 b  7.42  d 
C  ND  ND  ND  7.00 b  5.54 b 
D  2  Cu(OH)2  21 oz/100 gal  7.47 b  4.98 b 
E  2  Cu(OH)2  21 oz/100 gal  7.54 b  5.04 b 
a  Cu' = Pseudomonas gringae strains unable to grow on 0.16 mM CuSO4 in CYE, 
Cu` = Pseudomonas gringae strains able to grow on 0.16 mM CuSO4 in CYE.
b  Treatment means within a column followed by the same letter do not significantly differ 
according to the Student-Newman-Keuls ratio (P = 0.05). 
Not determined 
In the commercial nurseries where P. gringae populations  were sampled, copper-
based bactericides are applied to the plants at multiple times during the normal production 
cycle.  Copper-resistant P. gringae were isolated from lilacs at all five nurseries.  Mean 
populations of copper-resistant P. .gringae ranged from 9.5  x 104 cfu/gram to 2.6 x 107 
cfu/gram. Analysis with the SAS general linear models procedure showed that the lilac data 112 
sets from Nursery B had significantly larger populations of copper-resistant P. gringae than 
did Nurseries A, C, D, E; data sets from Nursery A had significantly larger populations of 
copper-resistant P. gringae than did Nurseries C, D, and E. 
Copper-sensitive and -resistant P. gringae were also isolated from Japanese maples 
at three commercial nurseries (Table 5.6). Mean populations of copper-sensitive P. gringae 
ranged from 2.3 x 106 cfu/gram to 1.4 x 108 cfu/gram. Analysis with the SAS general linear 
models procedure showed that Japanese maple data sets from Nursery B had significantly 
larger populations of copper -sensitive P. gringae, followed by data sets from Nursery D and 
E.  Copper-resistant P. gringae populations ranged from 4.2 x 104 cfu /gram to 2.6 x 106 
cfu/gram with significantly larger populations of P. gringae with this phenotype isolated in 
Nursery B and D than in Nursery E. 
Several of the nurseries maintained records of copper-based bactericide use in the 
dormant season (fall 1994/winter 1995) prior to sampling (Tables 5.5 and 5.6). Nursery B 
made the most applications of cupric hydroxide (Cu(OH)2) (7 for lilac,  1 for Japanese 
maple) followed by Nursery D (2 for lilac, 2 for Japanese maple) and Nursery E (2 for lilac, 
3 for Japanese maple) and Nursery A (1 for lilac). 113 
Table 5.6.  Lognormal (base 10) populations of copper-sensitive and copper-resistant
Pseudomonas gringae isolated from Japanese  maple (Acer palmatum) and use of copper-based
bactericides to control bacterial blight in the six months prior sampling. 
Location  No. of Copper  Resistance phenotype'
applications  Product  Rate  Cus  Cu` 
Nursery
 
B 1
  Cu(OH)2  1 lb/100 gal  8.16  cb  6.42 b  D	 2  Cu(OH)2  21 oz/100 gal  7.41 b  5.62 b E  3  Cu(OH)2  21 oz/100 gal  6.37 a  3.63 a 
a	 
Cus = Pseudomonas gringae strains unable to grow on 0.16 mM CuSO4 in CYE,

Cu` = Pseudomonas gringae strains able to grow on 0.16 mM CuSO4 in CYE
 b	  Treatment means within a column followed by the same letter do not significantly differ
according to the Student-Newman-Keuls ratio (P = 0.05).
Not determined 
DISCUSSION 
It is appropriate to use a lognormal probability distribution to describe biological 
systems where population change is the  result of multiplicative rather  than additive 
processes.  For phytopathogenic bacteria in  the phyllosphere, population  increases are 
generally proportional to the initial population size. The logarithmic transformation allows 
conformance to two assumptions of the  analysis of variance procedure:  normality and 
independence of the means and variances. 
These data sets of copper-sensitive and -resistant populations of P.  syringae were 
highly variable among plants and separating means between nurseries and genera required a 
large number of samples. On average, populations of copper-sensitive P. gringae from lilacs 
were nearly 2 log units greater than copper-resistant populations.  For Japanese maples, 114 
populations of copper-sensitive P. gringae were 2.5 log units  greater than copper-resistant 
populations. 
Variability in  P.  yringae populations among individual lesions  may reflect 
differences in copper application within a block of plants. Copper-based bactericides are 
normally applied from the ground and where containerized plants  are very close together 
and foliage is dense, many plant surfaces could be missed. Alternately, there could be a high 
frequency of loss of copper resistance in lesions.  Although plasmid -borne copper-
resistance determinants have been shown to be relatively stable in a few strains of P. yringae 
pv. tomato (11) and P. yringae pv. yringae (16). similar studies have not been done for  a large 
number of strains or for P. yringae strains from the Pacific Northwest. Because a one gram 
tissue sample was selected in this study, several individual strains with different levels of 
copper resistance may have co-initiated single, spreading lesions. However, the likelihood 
of strains representing both copper resistance phenotypes co-initiating in virtually all lesions 
sampled in this study seems remote. 
Large populations of copper-sensitive P. yringae were consistently isolated from 
lilacs and Japanese maples grown in environments where copper-based bactericides are 
applied frequently. Other studies on copper resistance in P. yringae from diseased woody 
plants in nurseries and fruit orchards where copper-based bactericides are used have also 
isolated large numbers of copper-sensitive strains and strains with intermediate  copper-
resistance phenotypes (1, 3, 7, 8, 14, 17, 18). These findings tend to support the hypothesis 
that maintenance of the copper-resistant phenotype has a fitness cost. If this hypothesis is 
correct, then in the absence of copper selection, some part of the population may undergo 
a decrease in copper-resistance over time.  Only one study has directly addressed the 
question of fitness in copper-resistant P. yringae pv. yringae (16). When grown in vitro and 115 
without copper selection, a copper-sensitive  strain outcompeted an isogenic  strain 
containing plasmid-borne copper-resistance genes.  In growth chamber studies where 
inoculated pears were treated with copper hydroxide, copper-resistant strains dominated but 
copper-sensitive strains were never completely eliminated from the population. Conversely, 
on pears treated with water, copper-sensitive and copper-resistant strains both achieved 
high populations; no decrease in the copper-resistant phenotype was seen over the 12 week 
course of the experiments. In future studies, a nursery or orchard with a history of copper-
resistance but where bactericide applications have been terminated could be sampled 
periodically to monitor for any changes in phenotypes over time. 
Significant differences were observed between populations of P. gringae isolated 
from lilacs in commercial nurseries where copper-based bactericides are applied frequently 
and lilacs from a landscape setting where pathogens are not controlled.  The smaller 
populations of P. gringae isolated from the landscape lilacs may indicate that conditions in a 
landscape setting are generally less favorable for the pathogens than conditions in 
commercial nurseries. The absence of copper-resistant populations of P. gringae on the 
landscape lilacs could be due to a loss of resistance in the pathogens subsequent to the 
establishment of the shrubs, or an initial absence of resistant populations at the time of 
planting. 
There were no significant difference in populations of copper-sensitive or 
resistant P. gringae isolated from lilac versus Japanese maple.  Differences in copper 
resistance were observed by Anderson et. al. (1) when comparing P. gringae strains from 
citrus and almond. This may be a reflection of the similar ecological conditions experienced 
by different genera of woody ornamentals in commercial nurseries versus fruit trees in 
commercial orchards. 116 
Significant differences were measured in copper-resistant, but not copper-sensitive 
populations, of P. glingae isolated from lilacs  or Japanese maples in five different nurseries. 
Plants from Nursery B had significantly larger populations of copper-resistant P. .gringae, 
which may reflect a higher level of copper use in the production cycle of this nursery than 
in the others. However, copper-resistance is extremely prevalent populations of P. gringae 
from all five of the nurseries sampled.  These large populations of copper-resistant P. 
gringae in nurseries where copper-based bactericides  are used frequently are probably 
responsible for the problems with incomplete disease control and economically-significant 
losses.  Because of the prevalence of copper resistance in the pathogen population, it is 
unlikely that simply increasing the amount of  copper bactericides or increasing the 
frequency of bactericide application will lead to effective disease control. 117 
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CHAPTER 6
 
SUMMARY 
Losses from bacterial blight diseases, caused by Pseudomonas gringae pv. yingae, are 
a major production problem in commercial woody plant nurseries in the Pacific Northwest. 
A rapid method for diagnosis of bacterial blight is crucial for the timely application of 
chemicals for disease control, yet there is no standard method for diagnosing of these 
diseases or evaluating pathogenicity in strains of P. .gringae pv. gringae isolated from woody 
ornamentals.  Large numbers of non-pathogenic, non-toxigenic Pseudomonas gringae pv. 
gringae strains are frequently isolated from diseased woody plant tissues.  These strains 
cannot be distinguished from pathogens by standard protocols; a serious impediment for 
accurate diagnosis of bacterial blight. 
Standard biochemical determinative schemes used to characterize isolates revealed 
considerable phenotypic diversity in this collection of 552 presumptive P. gringae pv. gringae 
strains from 25 species of diseased woody plants from Pacific Northwest nurseries. 
Traditional LOPAT and GATTa tests, along with ice nucleation activity, were developed to 
separate P. yingae pv. gringae from other Pseudomonas species and P. gringae pathovars, 
however, these tests do not directly identify pathogens. When these tests lead to false 
negative results, concluding that a strain is not a pathogen when it actually is, nursery 
production managers may decide that no chemical disease control measures are needed and 
experience higher disease losses.  Conversely, if all fluorescent, gram-negative bacteria 
isolated from woody plants are assumed to be pathogenic P. gringae pv. gringae, managers 
may decide to apply chemical bactericides when their use is not warranted. 120 
Presumably, all strains identified as P. yringae pv. yringae are pathogenic on lilac 
(Syringa ap.) or share hosts in  common with pathogenic strains isolated from lilac, but  a 
convenient method for pathogenicity testing has  not been available.  Problems with 
maintaining lilac plants with sufficient young, susceptible leaves or flowers for pathogenicity 
testing was overcome with a lilac bioassay involving  tissue-cultured plantlets.  Pathogenic 
strains of P. yringae pv. yringae isolated from woody plants may not be equally virulent on 
any given host or may have a host range that does not include lilac. DNA hybridization 
with digoxigenin- labeled probes  can be a sensitive and accurate method of identifying 
phytopathogenic bacteria without involving a host plant.  Probes for syringomycin, a 
necrotizing phytotoxin with antimicrobial activity produced by most strains of P. yringae pv. 
yringae and not by other pathovars of P. .yringae, were previously cloned but not tested for 
identifying pathogens from diverse woody plant genera. The lilac bioassay and probes for 
syringomycin genes provided two methods for  accurate and rapid evaluation of 
pathogenicity in putative pathogenic strains of P. yringae pv. gringae isolated from woody 
plants from Pacific Northwest nurseries. 
During the late 1980's and early 1990's, the severity and  frequency of bacterial 
blight increased in commercial woody plant nurseries leading to the collection and testing of 
P. yringae strains for bactericide resistance. Resistance to copper and streptomycin, the two 
most commonly used bactericides, was widespread in strains of P. yringae isolated from a 
large number of woody plants in nurseries throughout the Willamette Valley, Oregon. In 
comparing P. .yringae strains isolated in 1992 and 1993 with strains isolated in 1982 and 1983, 
it is apparent that bactericide resistance has been present in the pathogen population for 
more than a decade. 121 
The number of copper-resistant, streptomycin-sensitive  and copper-sensitive, 
streptomycin-resistant strains had not increased in this decade.  However, while no strains 
isolated in 1982 and 1983 were resistant to both copper and streptomycin, this phenotype 
comprised 24% of the strains isolated in 1992 and 1993 and the fraction of copper-sensitive 
and streptomycin-sensitive strains was reduced from 68% in 1982 and 1983 to 46% in 1992 
and 1993.  This may reflect a change in compatibility between  copper and streptomycin 
resistance genes, the ease of gene transfer within populations, or a response to the selection 
pressure of increased applications of bactericides over the past decade. 
In addition, the minimum inhibitory concentration of copper sulfate in low-copper 
complexing media that strains can resist has increased by four fold: from a high of 0.32 mM 
in the strains isolated in 1982 and 1983 to a high of 0.80 mM in the strains from 1992 and 
1993. The increase in the fraction of strains resistant to both copper and streptomycin, and 
the concentration of copper to which they are resistant, may help explain why copper-based 
bactericide applications no longer provided adequate control of Pseudomonas-incited diseases. 
Genetic similarities in copper resistance determinants is  recognized in a diverse 
collection of bacteria from the genera Pseudomonas, Xanthomonas, and Escherichia.  Previously 
cloned copper (copABCD, copJ) resistance determinants  were tested as probes in DNA 
colony hybridizations and compared with media screenings.  The copABCD and copJ probes 
hybridized with 10% and 6%, respectively, of the copper-resistant P. gringae strains isolated 
in 1992 and 1993.  These two copper resistance determinants have  some structural 
similarities, but they apparently have functional and regulatory differences. The Willamette 
Valley collection of copper-resistant strains, some of which hybridized with copABCD and 
others with copJ, but most with neither, may be due to the movement of resistant strains 
across geographical areas or may represent a continuum of resistance mechanisms with 122 
varying degrees of relatedness to one another.  The probes failed to detect 68% of the 
copper-resistant strains of P. gringae from Northwest Nurseries. Apparently, there was a 
different mechanism of copper resistance functioning in these strains. 
Streptomycin  resistance,  conferred by  strA-strB  genes  for  aminoglycoside 
inactivating enzymes, is widespread among commensal and pathogenic bacteria from 
animals, plants, and humans which suggests they share a common gene pool. Ninety-eight 
percent of the streptomycin-resistant P. gringae strains, both copper-sensitive and copper-
resistant, collected in 1992 and 1993 and in 1982 and 1983, hybridized with strA-strB; strA­
strB homologues have been present in P. gringae strains from the Pacific Northwest 
nurseries for more than a decade. With strong agreement between growth on streptomycin 
amended media and hybridization with the strA-strii genes, colony hybridization increased 
the efficiency and accuracy of detection of streptomycin-resistant strains while avoiding 
spontaneous streptomycin-resistant mutants on test medium. 
No copper or streptomycin resistance was detected in any P. gringae strains 
isolated from landscaped-planted lilacs. These strains were isolated from mature shrubs in 
public parks and private gardens within similar geographic areas of the Willamette Valley, 
OR, and presumably have not been sprayed with either copper or streptomycin for many 
years.  If there were copper- or streptomycin-resistant strains of P. gtingae associated with 
these plants while they were in nurseries, these strains did not persist in the landscape 
setting. 
The large numbers of copper-resistant strains of P. gringae present in commercial 
ornamental nurseries where copper-based bactericides have been used for many years are 
probably responsible  for increased reports of disease control  failure and seriously 
compromise nursery chemical control programs. Because the concentration of cupric ions 123 
and not the total amount of copper in a formulation determines toxicity to bacterial cells, it 
is unlikely that simply increasing the number or rate of copper applications will provide 
effective control of copper resistant P. yringae strains. 
The efficacy of different copper- and non-copper-based bactericide formulations 
were tested against copper-resistant and -sensitive strains of P. yringae pv. yringae in a lilac 
tissue-culture  system.  The advantage of using  tissue-cultured  plantlets was  that 
environmental conditions were constant and chemicals did not weather off leaves with rain 
or dew. Conditions were very favorable for disease development on the lilac plantlets and 
epidemics that would take several months in the field were compressed into a few days. 
Copper-resistant strains of P. yringae pv. gringae exhibited a quantitative, rather 
than qualitative resistance to copper in laboratory culture and strains with two discrete levels 
of copper resistance were used in this study. The growth of strains resistant  to 0.16 mM 
CuSO4 in CYE was equivalent to the growth of strains resistant to 0.48 mM CuSO4 in CYE 
on plantlets treated with copper-based bactericides. Populations of P. yringae pv. yringae are 
generally low on young vegetative tissues and bactericide treatments  must inhibit the 
potential increase of populations on plant surfaces in order to prevent disease. All copper-
and non-copper based bactericides reduced the bacterial populations  on the lilac plantlets 
but were never eradicative. The bacterial cells that remained to multiply  on plant surfaces 
may have survived direct exposure to the chemicals or colonized unexposed areas of the 
leaves, petioles and stems. 
Cu' concentrations were the best predictor of a copper formulation's efficacy 
against copper-sensitive or -resistant strains of P. yringae pv. yringae on the tissue-cultured 
lilacs and copper-sensitive strains on field-grown lilacs. Cu' concentrations liberated by the 
copper-based bactericides tested in this study ranged from 0.04 .tg /ml to 22.0 pg/m1 and 124 
could not have been estimated by the  percent copper as metallic provided by the 
manufacturer's label or from total dissolved  copper measured by atomic absorption 
spectrophotometry.  Excepting one copper-based bactericide formulation, Phyton  27, 
bactericides that released more than 1.50  lig Cu27m1 were most effective against P. gtingae 
pv. yringae. 
Significant differences in Cu2+ concentrations and efficacy against copper-sensitive 
and -resistant strains of P. yringae pv. yringae existed between the various formulations of 
cupric hydroxide. There has been an industry-wide trend to reduce the percent copper as 
metallic in bactericides to limit  copper contamination of soil and water and lower 
production costs for the manufacturer.  While Kocide 2000 (35% metallic Cu) was not 
significantly different from Kocide DF (40% metallic Cu), Kocide LF (15% metallic Cu) was 
much less effective and none of these formulations released as much Cu2+ or were as 
effective as Kocide 101 (50% metallic Cu). Kocide 2000 and DF were both dry flowable 
formulations and neither were as effective  as Kocide 101, a wettable powder with 50% 
metallic Cu. ManKocide (30% metallic Cu) was very effective but cupric hydroxide was not 
the only active ingredient in this formulation; some bactericidal activity should be attributed 
to the 15% mancozeb. The increased toxicity of mancozeb (manganese-zinc ethylene bis­
dithiocarbamate) mixed with copper-based bactericides has been shown  to be associated 
with the ability of the dithiocarbamate anion to chelate copper and transport the copper 
cation to a copper-susceptible site within the bacterial cell. The addition of ferric chloride 
to cupric hydroxide increases the availability of Cu2+  on leaf surfaces in three ways: by 
changing the physiology of the bacterial cell, by lowering the pH of the solution and by 
cation exchange between Cu2+ and Fe3+. Unknown materials  classified as "inert" within 125 
each formulation may have influenced the availability of Cu2+,  even at equivalent rates of 
metallic Cu. 
Agribrom was the only non-copper based formulation as effective as the copper-
based bactericides against P. gringae pv. syringae on tissue-cultured lilacs.  Unfortunately, 
Agribrom was not as effective in the field. The effect of multiple applications of Agribrom 
is worth investigating as results indicated disease control early in the  season which declined 
over time.  Agri-mycin 17 was only moderately effective against streptomycin-sensitive 
strains of P. gringae pv. gringae on both the tissue-cultured and field-grown lilacs.  There 
were several copper-based chemicals that were more effective.  Agri-mycin 17 is only 
registered for use on a couple of ornamental woody plants in Oregon.  Streptomycin 
resistance genes are widespread in human, veterinary and plant pathogens, including strains 
of P. gringae pv. gringae isolated from Northwest nurseries, which seriously compromises 
the potential of streptomycin sulfate to function as an alternative to copper-based 
bactericides for control of copper-resistant P. gringae pv. gringae. 
Many of the copper and non-copper based bactericides  were very phytotoxic to 
juvenile lilac tissue.  Phytotoxicity was not a problem for the field-grown lilacs treated in 
February while the shrubs were dormant. However, growers need to be concerned about 
the phytotoxic effect of some copper-based bactericides when applied in the growing 
season to young green tissues or to plant species more sensitive to phytotoxicity than lilacs. 
When weather conditions  are  highly  favorable  for  disease  development, 
bactericides alone cannot be relied on to provide adequate disease control.  Nursery 
managers needed to explore alternative methods of disease control, including host 
resistance, and biological and cultural control techniques. Disease levels on sheltered lilac 
shrubs in field trials were equivalent to those treated with the most effective copper-based 126 
bactericides.  In nurseries with large populations of copper- and streptomycin-resistant P. 
glingae pv. syringae, growing susceptible plants such as lilac under plastic shelters during the 
winter and early spring, protecting them from rain and frost, can decrease disease epidemics. 
Nurseries in the Pacific Northwest should consider integrating this cultural practice into 
their overall management scheme for Pseudomonas diseases. 
Despite the strong selection  pressure for copper resistance in woody plant 
nurseries where copper-based bactericides are applied regularly, large populations of copper-
sensitive P. glingae were consistently isolated from lilac and Japanese maple in 5 commercial 
nurseries. Other studies on copper resistance in P. gringae from diseased woody plants in 
nurseries and fruit orchards where copper-based bactericides were used have also isolated 
large numbers of copper-sensitive strains and  strains with intermediate copper-resistance 
phenotypes. These findings tend to support the hypothesis that maintenance of a highly 
copper-resistant phenotype has  a fitness  cost.  If this hypothesis  is  correct, then 
withholding bactericide applications could lead to a decrease in copper-resistant populations 
over time. 
It is appropriate to use a lognormal probability distribution to describe biological 
systems where population change is the result of multiplicative  rather than additive 
processes and data sets of P. glingae populations were login transformed prior to statistical 
analysis.  Copper-sensitive and -resistant populations of P.  gringae were highly variable 
among individual plants. On average, populations of copper-sensitive P. gringae from lilac 
were nearly 2 log units greater than copper-resistant populations.  For Japanese maple, 
populations of copper-sensitive P. gringae were 2.5 log units greater than copper-resistant 
populations. 127 
Significant differences were observed between populations of P. yringae isolated 
from lilac in commercial nurseries where copper-based bactericides were applied frequently 
and from lilac in a landscape planting where pathogens were not controlled. The smaller 
populations of copper-sensitive P. gringae isolated from the landscape planted lilacs  may 
indicate that conditions in a landscape setting are generally less favorable for P. yringae pv. 
yringae than conditions in commercial nurseries.  The absence of copper-resistant 
populations of P. yringae on the landscape lilacs could be due to a loss of resistant 
populations subsequent to the establishment of the shrubs, or an initial absence of resistant 
populations at the time of planting. 
There was no significant difference in the size of populations of copper-sensitive 
or -resistant P. yringae isolated from lilac versus Japanese maple. This may be a reflection of 
the similar ecological conditions experienced by different genera of woody ornamentals in 
commercial nurseries.  Significant differences were measured in populations of P. yringae 
isolated from lilac or Japanese maple collected from five different nurseries.  Plants from 
nurseries with the highest use of copper-based bactericides had significantly larger 
populations of copper-resistant P. gringae.  However, copper-resistance was extremely 
prevalent in all five of the nurseries sampled. These large populations of copper-resistant P. 
yringae in nurseries where copper-based bactericides are used frequently  are probably 
responsible for the problems with incomplete disease control and economically-significant 
losses. Because of the range of resistance phenotypes, and the high level of resistance in  a 
small portion of the pathogen population, it is unlikely that simply increasing the amount of 
copper bactericides or increasing the frequency of bactericide application will lead to 
effective disease control. 128 
Variability in  P.  gtin,gae populations among individual lesions  may reflect 
differences in copper application within a block of plants.  Copper-based bactericides are 
normally applied from the ground and where containerized plants  are very close together 
and foliage is dense, thus many plant surfaces could be missed. Alternately, there could be a 
high frequency of loss of copper resistance in lesions.  Although plasmid-bome copper-
resistance determinants have been shown to be relatively stable in a few strains of P. gringae 
pv. tomato and P. gringae pv. gringae, similar studies have not been done for a large number 
of P. gnngae strains or for strains from the Pacific Northwest. Because a one gram tissue 
sample was selected in this study, several individual strains with different levels of copper 
resistance may have co-initiated single, spreading lesions. However, the likelihood of strains 
representing both copper resistance phenotypes co-initiating in virtually all lesions sampled 
in this study seems remote. 
In future studies, a nursery or orchard with  a history of copper-resistance but 
where bactericide applications have been terminated could be sampled  periodically to 
monitor for any changes in resistance phenotypes  over time.  If copper-sensitive and 
moderately copper-resistant populations are persistent in these environments, there may be 
a fitness cost associated with maintaining this phenotype and over time, copper-resistant 
populations may decline. 129 
BIBLIOGRAPHY
 
Anderson, G. L., Menkissoglou, O., and Lindow, S. E. 1991. Occurrence and properties of 
copper-tolerant strains of Pseudomonas syringae isolated from fruit trees in California. 
Phytopathology 81:648-656. 
Arman, P., and Wain, R. L. 1958. The role of leaf exudates in the solution of copper from 
Bordeaux mixture. Ann. Appl. Biol. 46:366-374. 
Baca, S., Canfield, M. L., and Moore, L. W. 1987. Variability in ice-nucleation strains of 
Pseudomonas gringae isolated from diseased woody plants in Pacific Northwest 
nurseries. Plant Dis. 71:412-415. 
Ballio, A., Barra, D., Bossa, F., Collina, A., Grgurina, I., Marino, D., Moneti, G., Paci, M., 
Pucci, P., Segre, A., and Simmaco, M. 1991. Syringopeptins, new phytotoxic 
lipodepsipeptides of Pseudomonas gringae pv. gringae. FEBS Lett. 291: 109-112. 
Beattie, G. A., and Lindow, S. E. 1995. The secret life of foliar bacterial pathogens on 
leaves. Annu. Rev. Phytopathol. 33:145-172. 
Bender, C. L., and Cooksey, D. A. 1986. Indigenous plasmids in Pseudomonas gringae pv. 
tomato: conjugative transfer and role in copper resistance. J. Bacteriol. 165:534-541. 
Bender, C. L., and Cooksey, D. A. 1987. Molecular cloning of copper resistance genes from 
Pseudomonas gtingae pv. tomato. J. Bacteriol. 169:470-474. 
Billing, E. 1963. The value of phage sensitivity tests for the identification of 
phytopathogenic Pseudomonas spp. J. Appl. Bacteriol. 26:193-210. 
Billing, E. 1970. Further studies on the phage sensitivity and the determination of 
phytopathogenic Pseudomonas spp. J. Appl. Bacteriol. 33:478-491. 
Bradbury, J. F. 1986. Pseudomonas gringae pv. gringae. In Guide to Plant Pathogenic Bacteria, 
pp. 175-177. Kew: CAB International Mycological Institute. 
Burnham, T. J. 1995. Walnut blight: Promising breakthroughs on control. Pacific Nut 
Producer. 2:4-5 
Cameron, H. R. 1970. Pseudomonas content of cherry trees. Phytopathology 60:1343-1346. 
Canfield, M. L., Baca, S., and Moore, L. W. 1986. Isolation of Pseudomonas gringae from 40 
cultivars of diseased woody plants with tip dieback in Pacific Northwest nurseries. 
Plant Dis. 70:647-650. 
Canfield, M. L., Bateham, L. M., Lu, S-F., Scheck, H. J., and Moore, L. W. 1994. Use of 
Syinga plantlets in tissue culture and syringomycin DNA probes to rapidly evaluate 
pathogenicity of Pseudomonas gringae isolates. (Abstr.) Phytopathology 84:1135. 130 
Cha, J.-S., and Cooksey, D. A. 1991.  Copper resistance in Pseudomonas gtingae mediated by
periplasmic and outer membrane proteins.  Proc. Natl. Acad. Sci. 88:8915-8919. 
Chase, A. R. 1986. Effect of experimental bactericides on three bacterial disease of foliage
plants. J. Environ. Hort. 4:37-41. 
Chiou, C.-S., and Jones, A. L. 1993. Nucleotide sequence analysis of a transposon (Tn5393)
carrying streptomycin resistance genes in Envittia amylovora and other gram-negative
bacteria. J. Bacteriol. 175:732-740. 
Cleveland, W. S. 1993. Visualizing Data.  Hobart Press, Summit, NJ. 360 pp. 
Cochran, W. G. 1947. Some consequences when the assumptions for the analysis of
variance are not satisfied. Biometrics 3:22-28. 
Colin, J. E. and Chafik, Z. 1986.  Comparison of biological and chemical treatments for 
control of bacterial speck of tomato under field conditions in Morocco. Plant Dis. 
70:1048-1050. 
Conlin, K. C., and McCarter, S. M. 1983.  Effectiveness of selected chemicals in inhibiting 
Pseudomonas gnngae pv. tomato in vitro and in controlling bacterial speck. Plant Dis.
67:639-644. 
Constantinidou, H. A., Hirano, S. S., Baker, L. S., and Upper, C. D. 1991. Atmospheric

dispersal of ice nucleation-active bacteria: The role of rain. Phytopathology

80:934937.
 
Cooksey, D. A. 1990. Genetics of bactericide resistance in plant pathogenic bacteria.

Annu. Rev. Phytopathology 28:201-219.
 
Cooksey, D. A. 1990. Plasmid-determined copper resistance in Pseudomonas gringae from 
Impatiens. Appl. Environ. Microbiol. 56:13-16. 
Cooksey, D. A. 1993. Copper uptake and resistance in bacteria. Mol. Microbiol. 7:1-5. 
Cooksey, D. A., and Azad, H. R. 1992. Accumulation of copper and other metals by 
copper-resistant plant-pathogenic and saprophytic Pseudomonads. Appl. Environ.
Microbiol. 58:274278. 
Cupples, D. A., Moore, R. A., and Morris, V. L. 1990. Construction and use of a 
nonradioactive DNA hybridization probe for detection of Pseudomonas gringae pv.
tomato on tomato plants. Appl. Environ. Microbiol. 56:1743-1749. 
Daniell, J. W., and Chandler, W. A. 1976.  The effect of iron on growth and bacterial canker 
susceptibility of peach seedlings. HortSci. 11:482-483. 131 
Denny, T. 1988. Differentiation of Pseudomonasgringae pv. tomato from P. s. yingae with a 
DNA hybridization probe. Phytopathology 78:1186-1193. 
Dow ler, W. M., and Weaver, D. J. 1975. Isolation and characterization of fluorescent
 
pseudomonads from apparently healthy peach trees. Phytopathology 65:233-236.
 
Eisenhart, C. 1947. The assumptions underlying the analysis of variance. Biometrics 3:1-21. 
Elliot, C. 1951. Manual of Bacterial Plant Pathogens, 2nd Edition. Waltham: Chronica

Botanica Co.
 
Endert, E., and Ritchie, D. F. 1984a. Overwintering and survival of Pseudomonas gringae pv.
gringae and symptom development in peach trees. Plant Dis. 68:468-470. 
Endert, E., and Ritchie, D. F. 1984b. Detection of pathogenicity, measurement of
 
virulence, and determination of strain variation in Pseudomonas yingae pv. gringae.

Plant Dis. 68:677-680.
 
Falkenstein, H., Bellemann, P., Walter, S., Zeller, W., and Geider, K. 1988. Identification of 
Erwinia amylovora, the fireblight pathogen, by colony hybridization with DNA from 
plasmid pEA29. Appl. Environ. Microbiol. 54:2798-2802. 
Gaignard, J. L., and Luisetti, J. 1992. A method using in vitro and in situ grapevine plants to
 
screen chemicals active against Pseudomonas gringae pv. gringae. Agronomie
 
12:401-409.
 
Garrett, C. M. E., Panagopoulus, C. G., and Crosse, J. E. 1966. Comparison of plant
 
pathogenic pseudomonads from fruit trees. J. Appl. Microbiol. 29:342-356.
 
Gilbertson, R. L., Maxwell, D. P., Hagedorn, D. M., and Leong, S. A. 1989. Development 
and application of a plasmid DNA probe for detection of bacteria causing common 
bacterial blight of bean. Phytopathology 79:518-525. 
Grondeau, C., Saunier, M., Poutier, F., and Samson, R. 1992. Evaluation of physiological 
and serological profiles of Pseudomonas gringae pv. pisi for pea blight identification. 
Plant Pathol. 41:495-505. 
Gross, D. C. 1991. Molecular and genetic analysis of toxin production by pathovars of 
Pseudomonas yingae. Annu. Rev. Phytopathol. 29:247-278. 
Gross, D. C., Cody, Y. S., Proebsting, E. L. Jr., Radamaker, G. K., and Sports, R. A. 1984. 
Ecotypes and pathogenicity of ice-nucleation-active Pseudomonas gringae isolated from
deciduous fruit tree orchards. Phytopathology 74:241-248. 
Gross, D. C., and De Vay, J. E. 1977.  Production and purification of syringomycin, a 
phytotoxin produced by Pseudomonas yingae.  Physiol. Plant Pathol. 11:13-28. 132 
Hattingh, M. J., Roos, I. M. M., and Mansvelt, E. L. 1989. Infection and systemic invasion 
of deciduous fruit trees by Pseudomonas gringae in South Africa. Plant Dis. 73: 784-789. 
Hirano, S. S., Rouse, D. I., Clayton, M. K., and Upper, C. D. 1995. Pseudomonas gringae pv. 
gringae and bacterial brown spot of snap bean. Plant Dis. 79:1085-1093. 
Hirano, S. S., Nordheim, E. V., Amy, D. C., and Upper, C. D. 1982. Lognormal 
distribution of epiphytic bacterial populations on leaf surfaces. Appl. Environ. 
Microbiol. 44:695-700. 
Hirano, S. S., and Upper, C. D. 1983. Ecology and epidemiology of foliar bacterial plant 
pathogens. Annu. Rev. Phytopathol. 21:243-269. 
Hirano, S. S., and Upper, C. D. 1990. Population biology and epidemiology of Pseudomonas 
gringae. Annu. Rev. Phytopathol. 28:155-177. 
Jardine, D. J., and Stephens, C. T. 1987. Influence of timing of application and chemical on 
control of bacterial speck of tomato. Plant Dis. 71:405-408. 
Jones, A. L., Norelli, J. L., and Ehret, G. R. 1991. Detection of streptomycin-resistant 
Pseudomonas gringae pv. papulans in Michigan apple orchards. Plant Dis. 75:529-531. 
Jones, J. B., Woltz, S. S., Jones, J. P., and Portier, K. L. 1991. Population dynamics of 
Xanthomonas campestris pv. vesicatoria on tomato leaflets treated with copper 
bactericides. Phytopathology 81:714-719. 
Jones, J. P., and Jones, J. B. 1988. Field control of target spot and bacterial speck of 
tomato. Proc. Fla. State Hort. 101:358-361. 
Keane, P. J., Kerr, A., and New, P. B. 1970. Crown gall of stone fruit. II. Identification and 
nomenclature of Agrobacterium isolates. Aust. J. Biol. Sci. 23:585-595. 
King, E. 0., Ward, M. K., and Raney, D. E. 1954. Two simple media for the demonstration 
of pyocyanin and fluorescein. J. Lab. Clin. Med. 44:301-307. 
Klement, Z. 1963. Rapid detection of the pathogenicity of phytopathogenic 
pseudomonads. Nature 199:299-300. 
Klement, Z., Roznayay, D. S., Galo, E., Panczel, M., and Prileszky, G. 1984 The effect of 
cold on development of bacterial canker in apricot trees infected with Pseudomonas 
glingae pv. gringae. Physiol. Plant Pathol. 24:237-246. 
Koepsell, P. A., and Pscheidt, J. W. eds. 1995. Pacific Northwest Plant Disease Control 
Handbook. Oregon State University Extension Service, Corvallis. 
Kovacs, N. 1956. Identification of Pseudomonas pyoganea by the oxidase reaction. Nature 
178:703. 133 
Latorre, B. A., and Jones, A. L. 1979a. Pseudomonas mor)runorum, the cause of bacterial 
canker of sour cherry in Michigan, and its epiphytic association with P gringae. 
Phytopathology 69:335-339. 
Latorre, B. A., and Jones, A. L. 1979b. Evaluation of weeds and plant refuse as potential 
sources of inoculum of Pseudomonas gringae in bacterial canker of cherry.
Phytopathology 69: 1122-1125. 
Lee, B. T. 0., Brown, N. L., Rogers, S., Bergemann, A., Camakaris, J., and Rouch, D. A. 
1990. Bacterial response to copper in the environment: copper resistance in 
Escherichia coli as a model system. NATO ASI Ser. G. Ecol. Sci. 23:625-632. 
Lee, Y.-A., Schroth, M. N., Henderson, M., Lindow, S. E., Wang, X.-L., Olson, B., 
Buchner, R. P., and Teviotdale, B. 1993. Increased toxicity of iron-amended copper-
containing bactericides to the walnut blight pathogen Xanthomonas campestris pv. 
juglandis. Phytopathology 83:1460-1465. 
Legard, D. C., and Hunter, J. E. 1990. Pathogenicity on bean of Pseudomonas gringae pv.
 
gringae recovered from the phylloplane of weeds and from bean crop residue.
 
Phytopathology 80:938-942.
 
Lelliott, R. A., Billing, E., and Hayward, A. C. 1966.  A determinative scheme for the 
fluorescent plant pathogenic pseudomonads.  J. Appl. Bacteriol. 29:470-489. 
Lelliott, R. A., and Stead, D. E. 1987. Methods in Plant Pathology Vol. 2: Methods for the 
Diagnosis of Bacterial Diseases of Plants. Blackwell Scientific Publications. Oxford,
UK. 
Lim, C-K., and Cooksey, D. A. 1993.  Characterization of chromosomal homologues of the
plasmid-borne copper resistance operon of Pseudomonas gringae. J. Bacteriol. 
175:4492-4498. 
Lindemann, J., Arny, D. C., and Upper, C. D.  1984. Epiphytic populations of Pseudomonas 
gtingae pv. gringae on snap bean and non-host plants and the incidence of bacterial
brown spot disease in relation to cropping patters. Phytopathology 74:1329-1322. 
Lindow, S. E. 1983a. Methods of preventing frost injury through control of epiphytic ice-
nucleation-active bacteria. Plant Dis. 67:327-333. 
Lindow, S. E. 1983b. The role of bacterial ice nucleation in frost injury to plants. Ann.
Rev. Phytopathol. 21:363-384. 
Lindow, S. E., Arny, C. C., and Upper, C. D. 1978. Distribution of ice nucleation-active 
bacteria on plants in nature. Appl. Environ. Microbiol. 36:831-838. 
Lindow, S. E., and Connell, J. H. 1984. Reduction of frost injury to almond by control of 
ice nucleation active bacteria. J. Am. Soc. Hortic Sci. 109:48-53. 134 
Loper, J. E., Orser, C. S., Panopoulos, N. J., and Schroth, M. N. 1984. Genetic analysis of 
fluorescent pigment production in Pseudomonas gringae pv. gringae. J. Gen. Microbiol. 
130:1507-1515. 
Loper, J. E., Suslow, T. V., and Schroth, M. N. 1984. Lognormal distribution of bacterial
 
populations in the rhizosphere. Phytopathology 74:1454-1460.
 
MacSwan, I. C. 1972. Preparation of tank-mix Bordeaux mixture. Oregon State University 
Co-operative Extension Fact Sheet 185, Corvallis, OR. 
Malvick, D. K., and Moore, L. W. 1988a. Survival and dispersal ofa marked strain of
 
Pseudomonas gringae in a maple nursery. Plant Pathol. 37:573-580.
 
Malvick, D. K., and Moore, L. W. 1988b. Population dynamics and diversity of Pseudomonas 
gringae on maple and pear trees and associated grasses. Phytopathology 78:1366-1370. 
Mansvelt, E. L., and Hattingh, M. J. 1987. Pseudomonas gringae pv. gringae associated with
 
apple and pear buds in South Africa. Plant Dis. 71:789-792.
 
Marco, G. M., and Stall, R. E. 1983. Control of bacterial spot of pepper initiated by strains 
of Xanthomonas campestris pv. vesicatoria that differ in sensitivity to copper. Plant Dis. 
67:779-781. 
Mazarei, M., and Kerr, A. 1990. Distinguishing pathovars of Pseudomonas gringae on peas: 
nutritional, pathogenicity and serological tests. Plant Pathol. 39:278-285. 
McCarter, S. M. 1992. Effects of bactericide treatments on bacteria spot severity and yield 
of different pepper genotypes and on populations of certain insects. Plant Dis. 
76:1042-1045. 
McGuire, R. G. 1988. Evaluation of bactericidal chemicals for control of Xanthomonas on 
citrus. Plant Dis. 72:1016-1020. 
Medhekar, S., and Boparai, K. S. 1981. Fungicidal bis(1- amidino- O- ethylisourea)  copper (II) 
carbamates. J. Agric. Food Chem. 29:421-422. 
Mellano, M. A., and Cooksey, D. A. 1988. Nucleotide sequence and organization of copper 
resistance genes from Pseudomonas gringae pv. tomato. J. Bacteriol. 170: 2879-2883. 
Menkissoglu, 0., and Lindow, S. E. 1991a. Relationship of free ionic copper and toxicity to 
bacteria in solutions of organic compounds. Phytopathology 81:1258-1263. 
Menkissoglu, 0., and Lindow, S. E. 1991b. Chemical forms of copper on leaves in relation 
to the bactericidal activity of cupric hydroxide deposits on plants. Phytopathology 
81:1263-1270. 
Miller," H. 1972. Experiments in Molecular Genetics. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY. 135 
Mills, S. D., Jasalavich, C. A., and Cooksey, D. A. 1993. A two-component regulatory
 
system required for copper-inducible expression of copper resistance operon of
 
Pseudomonas gringae. J. Bacteriol. 175:1656-1664.
 
Minsavage, G. V., Canteros, B. I., and Stall, R. E. 1990.  Plasmid-mediated resistance to 
streptomycin in Xanthomonas campestris pv. vesicatoria. Phytopathology 80:719-723. 
Mo, Y-Y., and Gross, D. C. 1991. Expression in vitro and during plant pathogenesis of the 
grB gene required for syringomycin production by Pseudomonas gringae pv. yringae.
MPMI 4:610-620. 
Moore, L. W. 1988. Pseudomonas gringae: Disease and ice nucleation activity. Ornamentals
Northwest 12:4-16. 
Murashige, T., and Skoog, F. 1962. A revised medium for rapid growth and bioassays with 
tobacco tissue cultures. Physiol. Plant. 15:473-497. 
O'Brien, R. D., and Lindow, S. E. 1989. Effect of plant species and environmental
 
conditions on epiphytic population sizes of Pseudomonas gringae and other bacteria.
 
Phytopathology 79:619-627.
 
Olson, B. D., and Jones, A. L. 1983. Reduction of Pseudomonas gringae pv. morsprunorum on 
Montmorency sour cherry with copper and dynamics of the copper residues. 
Phytopathology 73:1520-1525. 
Otta, J. D., and English, H. 1971. Serology and pathology of Pseudomonas gringae. 
Phytopathology 61:443-452. 
Panagopolus, C. G., and Crosse, J. E. 1964.  Frost injury as a predisposing factor in blossom 
blight of pear caused by Pseudomonas gringae van Hall. Nature 202:1352. 
Parsons, I. M., and Edgington, L. V. 1991. The possible role of fixed coppers in 
combination with ethylene bis- dithiocarbamate for control of Pseudomonas yringae pv.
tomato. (Abstr.). Phytopathology 71:563. 
Pscheidt, J. W. ed. 1996. Pacific Northwest Plant Disease Control Handbook. Oregon State 
University Extension Service, Corvallis, OR. 384 p. 
Quigley, N. B., and Gross, D. C. 1994. Syringomycin production among strains of 
Pseudomonas .gringae pv. gringae: Conservation of the grB and grD genes and activation 
of phytotoxin production by plant signal molecules. MPMI 7:78-90. 
Ritchie, D. F., and Bennett, M. H. 1990. Evaluation of copper and other materials for
control of bacterial spot. Fungicide and Nematicide Tests 46:142-143. 136 
Ritchie, D. F., and Bennett, M. H. 1991. Impact of copper and additives to copper on
 
pepper yield in the presence of copper-sensitive and -resistant bacterial pathogen
 
strains. Fungicide and Nematicide Tests 47:105-106.
 
Rogers, J. S., Clark, E., Cirvilleri, G., and Lindow, S. E. 1994. Cloning and characterization 
of genes conferring copper resistance in epiphytic ice nucleation-active Pseudomonas 
gringae strains. Phytopathology 84:891-897. 
Roos, I. M. M., and Hattingh, M. J. 1983. Fluorescent pseudomonads associated with
 
bacterial canker of stone fruit in South Africa. Plant Dis. 67:1267-1269.
 
Roos, I. M. M., and Hattingh, M. J. 1986a. Weeds in orchards as a potential source of 
inoculum for bacterial canker of stone fruit. Phytophylactica 18:5-6. 
Roos, I. M. M., and Hattingh, M. J. 1986b. Pathogenic Pseudomonas spp. in stone fruit buds. 
Phytophylactica 18:7-9. 
Roos, I. M. M., and Hattingh, M. J. 1987. Systemic invasion of plum leaves and shoots by 
Pseudomonas yringae pv. gringae introduced into petioles. Phytopathology 
77:1253-1257. 
Rouse, D. I., Nordheim, E. V., Hirano, S. S., and Upper, C. D. 1985. A model relating the 
probability of foliar disease incidence to the population frequencies of bacterial plant 
pathogens. Phytopathology 75:505-509. 
Sambrook, J., Fritsch, E. F., and Maniatis, T. 1989. MolecAnt cloning a laboratory manual, 
2nd ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, N. Y. 
Schaad, N. W. ed. 1988. Laboratory Guide for Identification of Plant Pathogenic Bacteria. 
2nd ed. American Phytopathological Society, St. Paul, MN. 
Schaad, N. W., Peet, R. C., and Panopoulos, N. K. 1989. Identification of Pseudomonas 
gringae pv. phaseolicola by a DNA hybridization probe. Phytopathology 79:903-907. 
Scheck, H. J., Canfield, M. L., Pscheidt, J. W., and Moore, L. W. 1997. Rapid evaluation of 
pathogenicity in Pseudomonas .gringae pv. gringae with a lilac tissue culture bioassay and 
syringomycin DNA probes. Plant Dis. 81: In Press. 
Scheck, H. J., Pscheidt, J. W., and Moore, L. W. 1994. Copper tolerance and streptomycin 
resistance in strains of Pseudomonas gringae from Pacific Northwest nurseries. (Abstr.) 
Phytopathology 84:1116 
Scheck, H. J., Pscheidt, J. W., and Moore, L. W. 1996. Copper and streptomycin resistance 
in strains of Pseudomonas gringae from Pacific Northwest nurseries. Plant Dis. 
80:1034-1039. 137 
Schroth, M. N., Hildebrand, D. C., and Starr, M. P. 1981. Phytopathogenic members of the 
genus Pseudomonas. In The Prvkagotes A Handbook on Habitats, Isolation and Identification 
of Bacteria. M. P. Starr, H. Stolp, H. G. Truper, A. Ballows, and H. G. Schlegel, Eds. 
New York: Springer-Verlag. pp. 701-718. 
Schwartz, H. F., and McMillan, M. S. 1989. Assaying bactericide efficacy against
 
pseudomonads on bean leaf surfaces. Plant Dis. 73:822-824.
 
Seernuller, E., and Arnold, M. 1978. Pathogenicity, syringomycin production and other 
characteristics of pseudomonad strains isolated from deciduous fruit trees. Pages 
703-710 In: Proc. Int. Conf. Plant Pathog. Bact., 4th. 
Shaner, G., and Finney, R. E. 1977. The effect of nitrogen fertilization on the expression of 
slow-mildewing resistance in Knox wheat. Phytopathology 67:1051-1056. 
Shapiro, S. S., and Wilk, M. B. 1965. An analysis of variance test for normality (complete 
samples). Biometrika 52:591-611. 
Silver, S., and Phung, L. T. 1996. Bacterial heavy metal resistance: New surprises. Annu. 
Rev. Microbiol. 50:753-789. 
Sinden, S. L., DeVay, J. E., and Backman, P. A. 1971. Properties of syringomycin, a wide 
spectrum antibiotic and phytotoxin produced by Pseudomonas gringae, and its role in 
bacterial canker disease of peach trees. Physiol. Plant Pathol. 1:199-214. 
Smilanick, J. L., Gouin-Behe, C. C., Margosan, D. A., Bull, C. T., and Mackey, B. E. 1996. 
Virulence on citrus of Pseudomonas gringae strains that control postharvest green mold 
of citrus fruit. Plant Dis. 80:1123-1128. 
Spotts, R. A., and Cervantes, L. A. 1995. Copper, oxytetracycline, and streptomycin 
resistance of Pseudomonas gringae pv. gringae strains from pear orchards in Oregon and 
Washington. Plant Dis. 79:1132-1135. 
Sule, S., and Seemuller, E. 1987. The role of ice formation in the infection of sour cherry 
leaves by Pseudomonas gringae pv. gringae. Phytopathology 77:173 -177. 
Sundin, G. W., and Bender, C. L. 1993. Ecological and genetic analysis of copper and 
streptomycin resistance in Pseudomonas gringae pv. gringae. Appl. Environ. Microbiol. 
59:1018-1024. 
Sundin, G. W., and Bender, C. L. 1994. Relative fitness in vitro and in planta of Pseudomonas 
.gringae strains containing copper and streptomycin resistance plasmids. Can. J. 
Microbiol. 40:279-285. 
Sundin, G. W., and Bender, C. L. 1995. Expression of the strA-strB streptomycin resistance 
genes in Pseudomonas gringae and Xanthomonas campestris and characterization of 1S6100 
in X. campestris. Appl. Environ. Microbiol. 61:2891-2897. 138 
Sundin, G. W., and Bender, C. L. 1996a. Dissemination of the strA-strB streptomycin 
resistance genes among commensal and pathogenic bacteria from humans, animals 
and plants. Mol. Ecol. 5, 133-143. 
Sundin, G. W., and Bender, C. L. 1996b. Molecular genetics and ecology of transposon­
encoded streptomycin resistance in plant pathogenic bacteria. In Press: American
 
Chemical Society Special Conference VI. Molecular Genetics and Ecology of
 
Pesticide Resistance. T. Brown, ed. ACS, Washington, DC
 
Sundin, G. W., Demezas, D. H., and Bender, C. L. 1994. Plasmid and genetic diversity of 
Pseudomonas gringae pv. giingae populations with various exposures to copper and 
streptomycin bactericides. Appl. Environ. Microbiol. 60:4421-4431. 
Sundin, G. W., Jones, A. L., and Fulbright, D. W. 1989. Copper resistance in Pseudomonas 
Dningae pv. yringae from cherry orchards and its associated transfer in vitro and in planta 
with a plasmid. Phytopathology 79:861-865. 
Thompson, E., Leary, J. V., and Chun, W. W. C. 1989. Specific detection of Clavibacter
 
rnichiganense subsp. michiganense by a homologous DNA probe. Phytopathology
 
79:311-314.
 
Thornley, M. J. 1960. The differentiation of Pseudomonas from other Gram-negative bacteria 
on the basis of arginine metabolism. J. Appl. Bacteriol. 49:557-561. 
Timmer, L. W., and Zitko, S. E. 1996. Evaluation of copper fungicides and rates of metallic 
copper for control of melanose on grapefruit in Florida. Plant Dis. 80:166-169. 
United States Department of Agriculture Oregon Agricultural Statistics Service. 1995. 
Oregon nursery and greenhouse survey 1993 & 1994. Salem, OR. 
van Hall, C. J. J. 1902. Inaug. Dissert. Univ. Amsterdam, p. 191. 
Venette, J. R. 1982. How bacteria find their hosts. Pages 3-30 In: Phytopathogenic 
prokaryotes Vol. 2. M. S. Mount and G. H. Lacy, eds. Academic press, New York. 
Voloudakis, A. E., Bender, C. L., and Cooksey, D. A. 1993. Similarity between copper 
resistance genes from Xanthomonas campestn's and Pseudomonas gringae. Appl. Environ. 
Microbiol. 59:1627-1634. 
Weaver, D. J. 1978. Interaction of Pseudomonas gringae and freezing in bacterial canker on 
excised peach twigs. Phytopathology 68:1460-1463. 
Weaver, D. J., Dowler, W. M., and Nesmith, W. C. 1976. Association between elemental 
content of dormant peach trees and susceptibility to short life. J. Amer. Soc. Hort. 
Sci. 101:486-489. 139 
Wehunt, E. J., and Weaver, D. J. 1980. Effect of high rates of calcium and magnesium soil 
amendments of Macmpsthonia xenoplax and bacterial canker of peach seedlings. J. 
Nematology. 12:240-241. 
Whitesides, S. K., and Spotts, R. A. 1991. Frequency, distribution, and characteristics of
 
endophytic Pseudomonas yringae in pear trees. Phytopathology 81:453-457.
 
Wilk, M. B., and Gnanadesikan, R. 1968. Probability plotting methods for the analysis of
 
data. Biometrika 55:1-17.
 
Wimalajeewa, D. L. S., Cahill, R., Hepworth, G., Schneider, H. G., and Washbourne, J. W. 
1991. Chemical control of bacterial canker (Pseudomonas yringae pv. yringae) of apricot 
and cherry in Victoria. Aust. J. Expt. Agric. 31:705-8. 
Xu, G-W., and Gross, D. C. 1988. Evaluation of the role of syringomycin in plant 
pathogenesis by using Tn5 mutants of Pseudomonas yringae pv. yringae defective in 
syringomycin production. Appl. Environ. Microbiol. 54:1345-1353. 
Yessad, S., Manceau, C., and Luisetti, J. 1992. A detached leaf assay to evaluate virulence 
and pathogenicity of strains of Pseudomonas yringae pv. yringae on pear. Plant Dis. 
76:370-373. 
Young, J. M. 1991. Pathogenicity and identification of the lilac pathogen, Pseudomonas 
yringae pv. yringae van Hall 1902. Ann. Appl. Biol. 118:283-298. 
Young, J. M., Saddler, G. S., Talcikawa, Y., De Boer, S. H., Vauterin, L., Gardan, L., 
Gvozdyak, R. I., and Stead, D. E. 1996. Names of plant pathogenic bacteria 
1846-1995. Rev. Plant Pathol. 75:721-763. 
Young, J. M., and Triggs, C. M. 1994. Evaluation of determinative tests for pathovars of 
Pseudomonas yringae van Hall 1902. J. Appl. Bacteriol. 77:195-207. 
Zevenhuizen, L. P. T. M., Doffing, J., Eshuis, E. J., and Scholtern-Koerselrnan, J. 1979. 
Inhibitory effects of copper on bacteria related to the free ion concentration. 
Microb. Ecol. 5:139-164. 
Zhang, L., and Takemoto, J. Y. 1987. Effects of Pseudomonas yringae phytotoxin, 
syringomycin, on plasma membrane functions of Rhodotorula pilimanae. 
Phytopathology 77:297 -303. 
Zweig, M. H., and Robertson, E. A. 1987. Clinical validation of immunoassays: A well-
designed approach to a clinical study. pg. 97-126. In: Immunoassay, A practical guide. 
D. W. Chen and M. T. Perlstein, eds. Academic Press, New York. 140 
APPENDICES
 141 
Appendix A. Strain designation, collection date, plant host, and source of 
Pseudomonas gringae strains isolated in the Willamette Valley, OR. 
STRAIN  DATE  HOST  SOURCE 
1 A 92  4/29/92  Syringa vulgaris  Forest Farms 
1 B 92  4/29/92  Syringa vulgaris  Forest Farms 
1 D 92  4/29/92  Syringa vulgans  Forest Farms 
1 E 92  4/29/92  Syringa vulgans  Forest Farms 
2 A 92  4/29/92  Syringa vulgaris  Forest Farms 
2 B 92  4/29/92  Syringa vulgaris  Forest Farms 
2 C 92  4/29/92  Syringa vulgaris  Forest Farms 
2 D 92  4/29/92  Syringa vulgaris  Forest Farms 
3 A 92  4/23/92  Philadephus coronaries  Monrovia 
3 B 92  4/23/92  Philadephus coronarius  Monrovia 
3 C 92  4/23/92  Philadephus coronarius  Monrovia 
3 D 92  4/23/92  Philadephus coronarius  Monrovia 
3 E 92  4/23/92  Philadephus coronarius  Monrovia 
4 A 92  4/23/92  Prunus serrubta 'Harry Jolivette'  Carlton 
4 B 92  4/23/92  Prunus serrukaa 'Harry Jolivette'  Carlton 
4 C 92  4/23/92  Primus serrulata 'Harry Jolivette'  Carlton 
8 A 92  4/23/92  Prunus serrukaa 'Harry Jolivette'  Carlton 
8 B 92  4/23/92  Prunus serruktta 'Harry Jolivette'  Carlton 
13 A 92  4/23/92  Viburnum dentatum  Monrovia 
13 B 92  4/23/92  Viburnum dentatum  Monrovia 
13 C 92  4/23/92  Viburnum dentatum  Monrovia 
13 D 92  4/23/92  Viburnum dentatum  Monrovia 
13 E 92  4/23/92  Viburnum dentatum  Monrovia 
14 A 92  4/23/92  Acer palmatum 'Sango Kaku'  Monrovia 
14 B 92  4/23/92  Acer palmatum 'Sango Kaku'  Monrovia 
14 C 92  4/23/92  Aar palmatum 'Sango Kaku'  Monrovia 
15 A 92  4/23/92  Prunus avium  Meyer 
17 A 92  5/12/92  Acerpalmatum  Meadow Lake 
17 B 92  5/12/92  Acerpalmatum  Meadow Lake 
17 C 92  5/12/92  Acerpalmatum  Meadow Lake 
17 D 92  5/12/92  Acerpalmatum  Meadow Lake 
21 A 92  5/12/92  Sorbus aucuparia 'Coral Fire'  Bailey 
21 B 92  5/12/92  Sorbus aucuparia 'Coral Fire'  Bailey 
21 C 92  5/12/92  Sorbus aucuparia 'Coral Fire'  Bailey 
21 D 92  5/12/92  Sorbus aucuparia 'Coral Fire'  Bailey 
23 C 92  5/12/92  Syringa vulgar* Ludwig Spaeth'  Oregon Garden Products 
23 G 92  5/12/92  Syringa vulgans Ludwig Spaeth'  Oregon Garden Products 
23 H 92  5/12/92  Syringa vulgaris Ludwig Spaeth'  Oregon Garden Products 
23 I 92  5/12/92  Syringa vulgaris Ludwig Spaeth'  Oregon Garden Products 
23 J 92  5/12/92  Syringa vulgaris Ludwig Spaeth'  Oregon Garden Products 
24 A 92  5/12/92  Syringa vulgans 'Klag purple'  Oregon Garden Products 
24 B 92  5/12/92  Syringa vulgaris 'Klag purple'  Oregon Garden Products 
24 C 92  5/12/92  Syringa vulgaris 'Klag purple'  Oregon Garden Products 
24 D 92  5/12/92  Syringa vulgaris 'Klag purple'  Oregon Garden Products 142 
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STRAIN  DATE  HOST  SOURCE 
25 A 92  5/12/92  Syringa vulgaris 'Sensation'  Oregon Garden Products 
25 B 92  5/12/92  Syinga vulgaris 'Sensation'  Oregon Garden Products 
25 C 92  5/12/92  Syinga vulgaris 'Sensation  Oregon Garden Products 
26 A 92  5/11/92  Magnolia grandzflora  Briggs 
26 B 92  5/11/92  Magnoka grandiflora  Briggs 
26 C 92  5/11/92  Magnolia grantkflora  Briggs 
29 A 92  5/11/92  Vaccinium corymbosum  Boquist 
29 B 92  5/11/92  Vaccinium corymbosum  Boquist 
29 C 92  5/11/92  Vaccinium corymbosum  Boquist 
29 D 92  5/11/92  Vaccinium corymbosum  Boquist 
29 E 92  5/11/92  Vaccinium corymbosum  Boquist 
30 A 92  5/11/92  Syinga vulgaris  Viner 
30 B 92  5/11/92  Syringa vulgaris  Viner 
30 C 92  5/11/92  Syringa vu/gatis  Viner 
30 D 92  5/11/92  Syringa vulgaris  Viner 
30 E 92  5/11/92  Syringa vulgaris  Viner 
33 A 92  5/15/92  Acer platanoides  J. Frank Schmidt 
33 B 92  5/15/92  Acerplatanoides  J. Frank Schmidt 
33 C 92  5/15/92  Acerplatanoides  J. Frank Schmidt 
33 D 92  5/15/92  Acerplatanoides  J. Frank Schmidt 
33 E 92  5/15/92  Ater platanoides  J. Frank Schmidt 
36 A 92  5/15/92  Acer palmatum 'Sango Kaku'  J. Frank Schmidt 
36 B 92  5/15/92  Ater palmatum 'Sango Kaku'  J. Frank Schmidt 
36 C 92  5/15/92  Acer palmatum 'Sango Kaku'  J. Frank Schmidt 
36 D 92  5/15/92  Acer palmatum 'Sango Kaku'  J. Frank Schmidt 
36 E 92  5/15/92  Acer palmatum 'Sango Kaku'  J. Frank Schmidt 
37 A 92  5/15/92  Tika cordata  J. Frank Schmidt 
37 B 92  5/15/92  Tika cordata  J. Frank Schmidt 
37 C 92  5/15/92  Tika cordata  J. Frank Schmidt 
37 D 92  5/15/92  Tika cordata  J. Frank Schmidt 
38 A 92  5/15/92  Liquidambar  J. Frank Schmidt 
38 B 92  5/15/92  Liquidambar siracrflua  J. Frank Schmidt 
38 C 92  5/15/92  Liquidambar srtufflua  J. Frank Schmidt 
38 D 92  5/15/92  Liquidambar spracrflua  J. Frank Schmidt 
38 E 92  5/15/92  Liquidambar sOraallua  J. Frank Schmidt 
40 A 92  5/15/92  Syringa melgan's Tres Lincoln'  J. Frank Schmidt 
40 B 92  5/15/92  Syringa vulgaris Tres Lincoln'  J. Frank Schmidt 
40 C 92  5/15/92  Syringa vulgaris Tres Lincoln'  J. Frank Schmidt 
40 D 92  5/15/92  Syringa vulgaris Pres Lincoln'  J. Frank Schmidt 
41 A 92  5/15/92  Syinga vulgaris  J. Frank Schmidt 
41 B 92  5/15/92  Syringa vulgaris  J. Frank Schmidt 
41 C 92  5/15/92  Syringa vulgaris  J. Frank Schmidt 
41 D 92  5/15/92  Syringa vulgaris  J. Frank Schmidt 
41 E 92  5/15/92  Syringa vulgaris  J. Frank Schmidt 
43 A 92  5/13/92  Prunus armeniaca  Pope 
43 B 92  5/13/92  Prunus armeniaca  Pope 143 
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43 C 92  5/13/92  Prunus armeniaca  Pope 
43 D 92  5/13/92  Prunus armeniaca  Pope 
43 E 92  5/13/92  Prunus armem:aca  Pope 
44 A 92  5/18/92  Magnolia gramizflora  D&M 
44 B 92  5/18/92  Magnolia grancliflora  D&M 
44 C 92  5/18/92  Magnoka grandfiora  D&M 
44 D 92  5/18/92  Magnolia gran&flora  D&M 
44 E 92  5/18/92  Magnolia granckflora  D&M 
47 A 92  4/23/92  Syringa vulgaris  Canton 
47 B 92  4/23/92  Syringa vulgaris  Canton 
47 C 92  4/23/92  Syringa vulgaris  Canton 
47 D 92  4/23/92  Syringa vulgaris  Canton 
47 E 92  4/23/92  Syringa vulgaris  Canton 
47 F 92  4/23/92  Syringa vulgaris  Canton 
47 G 92  4/23/92  Syringa vulgaris  Canton 
47 H 92  4/23/92  Syringa vulgaris  Canton 
47 J 92  4/23/92  Syringa vulgaris  Carlton 
48 A 92  4/23/92  Syringe, vulgaris  Carlton 
48 B 92  4/23/92  Syringa vulgaris  Canton 
48 C 92  4/23/92  Syringa tartans  Carlton 
48 D 92  4/23/92  Syringa vulgaris  Canton 
48 E 92  4/23/92  Syringa vulgaris  Canton 
48 F 92  4/23/92  Syringa vulgaris  Canton 
48 G 92  4/23/92  Syringa vulgaris  Canton 
48 H 92  4/23/92  Syringa vulgaris  Carlton 
48 I 92  4/23/92  Syringa vulgaris  Canton 
48 J 92  4/23/92  Syringa vulgaris  Canton 
1 A 93  4/8/93  Syringa vulgaris  J. Pscheidt 
1 B 93  4/8/93  Syringa vulgaris  J. Pscheidt 
1 C 93  4/8/93  Syringa vulgaris  J. Pscheidt 
1 D 93  4/8/93  ,Syringa vulgaris  J. Pscheidt 
1 E 93  4/8/93  Syringa vulgaris  J. Pscheidt 
2 A 93  4/8/93  ryas pyilitka  J. Klein 
2 B 93  4/8/93  Fyrus grifeka  J. Klein 
3 A 93  4/8/93  Forsythia N'tidusima  Oregon Roses 
4 A 93  4/8/93  Syringa vulgaris  Oregon Roses 
5 A 93  4/8/93  Syringa x chinensis  Canton 
5 B 93  4/8/93  Syringa x chinensis  Canton 
5 C 93  4/8/93  Syringa x chinensis  Canton 
6 A 93  4/8/93  Syringa vulgaris 'Pyrimidar  Canton 
6 B 93  4/8/93  Syringa vulgaris 'Pyrimidal'  Canton 
6 C 93  4/8/93  Syringa vulgarisTyrimidar  Canton 
6 D 93  4/8/93  Syringa vulgaris Pyrimidal'  Canton 
6 E 93  4/8/93  Syringa vulgarisTyrimidal'  Canton 
6 F 93  4/8/93  Syringa vulgaris 'Pyrimidal '  Carlton 
7 A 93  4/8/93  Syringa vulgaris  C. Billman 144 
Appendix A. Continued. 
STRAIN  DATE  HOST  SOURCE 
8 A 93  4/8/93  Syringa vulgaris 'Olivia De Ceris'  C. Billman 
8 B 93  4/8/93  Syringa vulgans 'Olivia De Ceris'  C. Billman 
9 A 93  4/8/93  Syringa vulgaris 'Mine Lemoine'  C. Billman 
9 B 93  4/8/93  Syringa vulgaris 'Mrne Lemoine'  C. Billman 
10 A 93  4/8/93  Syringa rutarir 'Primrose'  C. Billman 
10 B 93  4/8/93  Syringa vulgaris Primrose'  C. Billman 
10 C 93  4/8/93  Syringa vulgaris 'Primrose'  C. Billman 
10 D 93  4/8/93  Syringa vulgaris 'Primrose'  C. Billman 
10 E 93  4/8/93  Syringe; vulgaris 'Primrose'  C. Billman 
11 A 93 
11 B 93 
11 C 93 
11 D 93 
11 E 93 
11 F 93 
11 G 93 
12 A 93 
12 B 93 
12 C 93 
12 D 93 
12 E 93 
12 F 93 
12 G 93 
13 A 93 
13 B 93 
13 C 93 
13 D 93 
13 E 93 
13 F 93 
13 G 93 
14 A 93 
14 B 93 
14 C 93 
14 D 93 
15 A 93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
4/8/93 
Syringa vulgaris 'Lucie Baltet' 
Syringa vulgaris 'Lucie Bake? 
Syringa vulganS 'Lucie Ballet' 
Syringa vulgaris 'Lucie Ballet' 
Syringa vulgaris 'Lucie Baltet' 
Syinga vulgaris 'Lucie Baltet' 
Syringa vulgaris 'Lucie Baltet' 
Syringa vulgaris 'Sensation' 
Syringa vulgaris 'Sensation' 
Syringa vulgarir 'Sensation' 
Syringa vulgaris 'Sensation' 
Syringa v4garis 'Sensation' 
Syringa vulgaris 'Sensation' 
Syringa vulgaris 'Sensation' 
Syringa vulgaris 'Ludwig Spaeth' 
Syringa vulgaris 'Ludwig Spaeth' 
Syringa vulgaris 'Ludwig Spaeth' 
Syringa vulgaris 'Ludwig Spaeth' 
Syringa :Nip& 'Ludwig Spaeth' 
Syringa vulgaris 'Ludwig Spaeth' 
Syringa vulgaris 'Ludwig Spaeth' 
Syringa vulgaris 'Mme Lemoine' 
Syringa vulgaris 'Mrne Lemoine' 
Syringa vulgarir 'Mme Lemoine' 
Syringa vu/garir 'Mine Lemoine' 
Syringa amurensis 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
Oregon Garden Products 
R & S 
15 B 93  4/8/93  Syringe: amurensis  R & S 
15 C 93  4/8/93  Syringa amurensis  R & S 
15 D 93  4/8/93  Syringa amurensis  R & S 
16 A 93  4/8/93  Syringa vulgaris  R & S 
16 B 93  4/8/93  Syringa vulgaris  R & S 
16 C 93  4/8/93  Syringa vulgaris  R & S 
16 D 93  4/8/93  Syringa vulgaris  R & S 
16 E 93  4/8/93  Syringa vulgaris  R & S 
16 F 93  4/8/93  Syringa vulgaris  R & S 
16 G 93  4/8/93  Syringa vulgaris  R & S 
17 A 93  4/8/93  Prunus laurocerasis  R & S 145 
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STRAIN  DATE  HOST  SOURCE 
17 C 93  4/8/93  Prunus laumeraris  R & S 
17 D 93  4/8/93  Prunus laurocerasis  R & S 
18 A 93  4/8/93  Acerpalmatum rootstock  Monrovia 
18 B 93  4/8/93  Acerpalmatum rootstock  Monrovia 
18 D 93  4/8/93  Acerpalmatum rootstock  Monrovia 
18 E 93  4/8/93  Acerpalmatum rootstock  Monrovia 
18 F 93  4/8/93  Acerpalmatum rootstock  Monrovia 
19 A 93  4/8/93  Syringa vulgaris 'Angel White'  Monrovia 
19 B 93  4/8/93  Syinga vulgaris 'Angel White'  Monrovia 
19 C 93  4/8/93  Syringa vulgaris 'Angel White'  Monrovia 
19 D 93  4/8/93  Syringa vulgaris 'Angel White'  Monrovia 
19 E 93  4/8/93  Syringa vulgaris 'Angel White'  Monrovia 
19 F 93  4/8/93  Syringa vulgaris 'Angel White'  Monrovia 
19 G 93  4/8/93  Syringa vulgaris 'Angel White'  Monrovia 
20 A 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
20 B 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
20 C 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
20 D 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
20 E 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
20 F 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
20 G 93  4/8/93  Syringa vulgaris 'Blue Skies'  Monrovia 
21 A 93  4/8/93  Syringa x cbinensis  Monrovia 
21 B 93  4/8/93  Syringa x chinensis  Monrovia 
21 C 93  4/8/93  Syringa x chinensis  Monrovia 
21 D 93  4/8/93  Syringa x chinensis  Monrovia 
21 E 93  4/8/93  Syringa x cbinensis  Monrovia 
21 F 93  4/8/93  Syringa x chinensis  Monrovia 
22 A 93  4/8/93  Syringa vulgaris 'Charles Joly'  Monrovia 
22 B 93  4/8/93  Syringa vulgaris 'Charles Joly'  Monrovia 
22 C 93  4/8/93  Syringa vulgaris 'Charles Joly'  Monrovia 
22 D 93  4/8/93  Syringa vulgaris 'Charles Joly'  Monrovia 
22 E 93  4/8/93  Syringa vulgaris 'Charles Joly'  Monrovia 
22 F 93  4/8/93  Syringa vu?garis 'Charles Joly'  Monrovia 
23 A 93  4/8/93  Acer palmatum 'Sango Kaku'  Meadow Lake 
23 C 93  4/8/93  Acer palmatum 'Sang° Kaku'  Meadow Lake 
23 D 93  4/8/93  Acer palmatum 'Sango Kaku'  Meadow Lake 
24 A 93  4/8/93  Viburnum dentatum  Meadow Lake 
25 A 93  4/8/93  Acerpalmatum  Meadow Lake 
25 B 93  4/8/93  Acerpalmatum  Meadow Lake 
25 C 93  4/8/93  Acerpalmatum  Meadow Lake 
25 D 93  4/8/93  Acerpalmatum  Meadow Lake 
25 E 93  4/8/93  Acerpalmatum  Meadow Lake 
25 F 93  4/8/93  Acerpalmatum  Meadow Lake 
26 A 93  4/8/93  Syringa vulgaris  H. Wittig 
26 B 93  4/8/93  Syringa vulgaris  H. Wittig 
27 A 93  4/15/93  Acer palmatum Viridis'  Goar 146 
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27 B 93  4/15/93  Acerpalmatum'Viridis'  Goar 
27 C 93  4/15/93  Acerpalmatum'Viridis'  Goar 
28 A 93  4/15/93  Acerpalmatum  Goar 
29 A 93  4/15/93  Syringa vulgaris (white)  OSU Campus 
29 B 93  4/15/93  Syringa vulgaris (white)  OSU Campus 
30 A 93  4/15/93  Syringa vulgar* (purple)  OSU Campus 
30 B 93  4/15/93  Syringa vulgaris (purple)  OSU Campus 
30 C 93  4/15/93  Syringa vulgar* (purple)  OSU Campus 
31 A 93  4/15/93  Acerpalmatum  Plant Clinic 
31 B 93  4/15/93  Acerpalmatum  Plant Clinic 
31 C 93  4/15/93  Acerpalmatum  Plant Clinic 
32 A 93  4/15/93  Euogmus alatus  Agricare 
32 B 93  4/15/93  Euogmus alatus  Agricare 
32 C 93  4/15/93  Euogmus alatus  Agricare 
33 A 93  4/15/93  Berberis acpa:fikum  Agricare 
33 B 93  4/15/93  Berberir aquifilium  Agricare 
34 A 93  4/15/93  Forsythia virickrima  Agricare 
34 B 93  4/15/93  Forsythia viridissima  Agricare 
35 A 93  4/15/93  Acerpalmatum  Agricare 
35 B 93  4/15/93  Acerpalmatum  Agricare 
35 C 93  4/15/93  Acerpalmatum  Agricare 
35 D 93  4/15/93  Acerpalmatum  Agricare 
36 A 93  4/15/93  Acerpalmatum  D. Wells 
36 B 93  4/15/93  Acerpalmatum  D. Wells 
37 A 93  4/15/93  Acerpalmatum  Amber Hill 
37 B 93  4/15/93  Acerpalmatum  Amber Hill 
37 C 93  4/15/93  Acerpalmatum  Amber Hill 
37 D 93  4/15/93  Acerpalmatum  Amber Hill 
38 A 93  4/15/93  Acerpalmatum  Drakes Crossing 
38 B 93  4/15/93  Acerpalmatum  Drakes Crossing 
38 C 93  4/15/93  Acerpalmatum  Drakes Crossing 
38 D 93  4/15/93  Acerpalmatum  Drakes Crossing 
39 A 93  4/15/93  Acer rubrum  Drakes Crossing 
39 B 93  4/15/93  Acerrubrum  Drakes Crossing 
39 C 93  4/15/93  Ater rubrum  Drakes Crossing 
39 D 93  4/15/93  Acerrubrum  Drakes Crossing 
40 A 93  4/15/93  Syringa vulgaris  Drakes Crossing 
40 B 93  4/15/93  Syringa vulgaris  Drakes Crossing 
41 A 93  4/15/93  Acerrubrum  CalOrWash 
41 B 93  4/15/93  Acerrubrum  CalOrWash 
41 C 93  4/15/93  Acerrubrum  CalOrWash 
41 D 93  4/15/93  Acerrubrum  CalOrWash 
42 A 93  4/15/93  Acerrubrum  CalOrWash 
42 B 93  4/15/93  Acerrubrum  CalOrWash 
42 C 93  4/15/93  Acerrubrum  CalOrWash 
43 A 93  4/15/93  Acerpalmatum  CalOrWash 147 
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43 B 93  4/15/93  Acerpalmatum  CalOrWash 
43 C 93  4/15/93  Acerpalmatum  CalOrWash 
44 A 93  4/15/93  Syringa amurensz's  Iseli 
44 B 93  4/15/93  Syringa amurensis  Iseli 
44 C 93  4/15/93  Syringa amurensis  Iseli 
45 A 93  4/15/93  Acerpalmatum  Iseli 
45 B 93  4/15/93  Acerpalmatum  Iseli 
45 C 93  4/15/93  Acerpalmatum  Iseli 
46 A 93  4/15/93  Syringa vulgarir 'Meyeri'  Iseli 
46 B 93  4/15/93  Syringa vutaris 'Meyeri'  Iseli 
46 C 93  4/15/93  Syringa v4garei 'Meyer?  Iseli 
46 D 93  4/15/93  Syringa vulgaristMeyed  Iseli 
46 E 93  4/15/93  Syringa vutaris'Meyeril  Iseli 
47 A 93  4/15/93  Acer palmatum 'Sang° Kaku'  J. Frank Schmidt 
47 B 93  4/15/93  Acer palmatum'SangoKaku'  J. Frank Schmidt 
47 C 93  4/15/93  Acer palmatum 'Sango Kaku'  J. Frank Schmidt 
48 A 93  4/15/93  Magnolia grandeflora 'Dr. Merrill'  J. Frank Schmidt 
48 B 93  4/15/93  Magnolia grancliflora Dr. Merrill'  J. Frank Schmidt 
48 C 93  4/15/93  Magnolia grand:flora 'Dr. Merrill'  J. Frank Schmidt 
48 D 93  4/15/93  Magnolia grandejlara 'Dr. Merrill'  J. Frank Schmidt 
48 E 93  4/15/93  Magnolia grand:flora 'Dr. Merrill'  J. Frank Schmidt 
49 A 93  4/15/93  Syringa vulgaris 'Pres Greavy'  J. Frank Schmidt 
49 B 93  4/15/93  Syringa vulgaris 'Pres Greavy'  J. Frank Schmidt 
49 C 93  4/15/93  Syringa vulgaris Pres Greavy'  J. Frank Schmidt 
49 D 93  4/15/93  Syringa vulgaris 'Pres Greavy'  J. Frank Schmidt 
49 E 93  4/15/93  Syringa vulgaris Tres Greavy'  J. Frank Schmidt 
49 F 93  4/15/93  Syringa vulgaris 'Pres Greavy'  J. Frank Schmidt 
50 A 93  4/15/93  Syringa x chineruis  J. Frank Schmidt 
50 B 93  4/15/93  Syringa x chinensis  J. Frank Schmidt 
50 C 93  4/15/93  Syringa x chinensis  J. Frank Schmidt 
50 D 93  4/15/93  Syringa x chinensis  J. Frank Schmidt 
50 E 93  4/15/93  Syringa x chinensis  J. Frank Schmidt 
50 F 93  4/15/93  Syringa x chinensis  J. Frank Schmidt 
51 A 93  4/15/93  Pyrus communis 'Chanteclair'  J. Frank Schmidt 
51 B 93  4/15/93  Pyrus communis 'Chanteclair'  J. Frank Schmidt 
51 C 93  4/15/93  Pyrus commune's 'Chanteclair'  J. Frank Schmidt 
51 D 93  4/15/93  lyres communes 'Chanteclair  J. Frank Schmidt 
51 E 93  4/15/93  .0171.1 49M17111711.5 'Chanteclair'  J. Frank Schmidt 
51 F 93  4/15/93  lyres communis 'Chanteclair'  J. Frank Schmidt 
52 A 93  4/15/93  Acer palmatum 'Butterfly'  J. Frank Schmidt 
52 B 93  4/15/93  Acer palmatum 'Butterfly'  J. Frank Schmidt 
52 C 93  4/15/93  Acer palmatum 'Butterfly'  J. Frank Schmidt 
52 D 93  4/15/93  Acer palmatum 'Butterfly'  J. Frank Schmidt 
52 E 93  4/15/93  Acerpalmatum 'Butterfly'  J. Frank Schmidt 
52 F 93  4/15/93  Acer palmatum 'Butterfly'  J. Frank Schmidt 
53 A 93  4/15/93  Syringa vulgaris 'Jamie McFarlane'  J. Frank Schmidt 148 
Appendix A. Continued. 
STRAIN  DATE  HOST  SOURCE 
53 B 93  4/15/93  Syringa vu Igarir 'Jamie McFarlane'  J. Frank Schmidt 
53 C 93  4/15/93  Syringa vulgaris 'Jamie McFarlane'  J. Frank Schmidt 
53 D 93  4/15/93  Syringa vulgaris 'Jamie McFarlane'  J. Frank Schmidt 
53 E 93  4/15/93  Syringa vulgaris 'Jamie McFarlane'  J. Frank Schmidt 
53 F 93  4/15/93  Syringa vulgaris 'Jamie McFarlane'  J. Frank Schmidt 
54 A 93  4/15/93  Prunus sirruhta 'Snow Fountain'  J. Frank Schmidt 
54 B 93  4/15/93  Prunus sirruhta 'Snow Fountain'  J. Frank Schmidt 
54 C 93  4/15/93  Prunus sirruhta 'Snow Fountain'  J. Frank Schmidt 
54 D 93  4/15/93  Prunus simdata 'Snow Fountain'  J. Frank Schmidt 
54 E 93  4/15/93  Prunus sirrukaa 'Snow Fountain'  J. Frank Schmidt 
55 A 93  4/22/93  Forrythia viridissima  Fisher 
55 B 93  4/22/93  Forrythia viridissima  Fisher 
55 C 93  4/22/93  Forsythia viridissima  Fisher 
56 A 93  4/22/93  Syringa vulgaris  Fisher 
56 B 93  4/22/93  Syringa vulgaris  Fisher 
56 C 93  4/22/93  Syringa vulgaris  Fisher 
56 D 93  4/22/93  Syringa vulgaris  Fisher 
57 A 93  4/22/93  Syringa vulgaris  Fisher 
58 A 93  4/22/93  Syringa vulgaris 'Alina Belle'  Fisher 
58 B 93  4/22/93  Syringa vulgaris'Alina Belle'  Fisher 
58 C 93  4/22/93  Syringa migaris 'Alina Belle'  Fisher 
58 D 93  4/22/93  Syringa vulgatis 'Alina Belle'  Fisher 
58 E 93  4/22/93  Syringa vulgaris 'Alina Belle'  Fisher 
59 A 93  4/22/93  Viburnum dentatum 'Compactum'  Kozell 
59 B 93  4/22/93  Viburnum dentatum 'Compactum'  Kozell 
60 A 93  4/22/93  Syn./1ga vulgatis 'Adelaide Dunbar'  Kozell 
60 B 93  4/22/93  Syringa vulgaris 'Adelaide Dunbar'  Kozell 
60 C 93  4/22/93  Syringa vulgaris 'Adelaide Dunbar'  Kozell 
60 D 93  4/22/93  Syringa vulgaris 'Adelaide Dunbar'  Kozell 
60 E 93  4/22/93  Syringa vulgaris 'Adelaide Dunbar'  Kozell 
61 A 93  4/22/93  Acerpalmatum  Berryhill 
61 B 93  4/22/93  Acer palmatum  Berryhill 
61 C 93  4/22/93  Acer ponatum  Berryhill 
61 D 93  4/22/93  Acer palmatum  Berryhill 
61 E 93  4/22/93  Acerpalmatum  Berryhill 
61 F 93  4/22/93  Acer palmatum  Berryhill 
62 A 93  4/22/93  Sy inga vulgarir 'Klag purple'  Berryhill 
62 B 93  4/22/93  Syringa vulgaris 'Klag purple'  Berryhill 
62 C 93  4/22/93  Syringa vulgaris 'Klag purple'  Berryhill 
62 D 93  4/22/93  Syringa vulgaris 'Klag purple'  Berryhill 
62 E 93  4/22/93  Syringa vulgaris 'Klag purple'  Berryhill 
62 F 93  4/22/93  Syringa valgaris 'Klag purple'  Berryhill 
63 A 93  4/22/93  Syringa vulgaris 'Paul Thirion'  Berryhill 
63 B 93  4/22/93  Sy inga vulgaris 'Paul Thirion'  Berryhill 
63 C 93  4/22/93  Syringa vulgaris 'Paul Thirion'  Berryhill 
63 D 93  4/22/93  Syringa vrilgaris Paul Thirion'  Berryhill 149 
Appendix A. Continued 
STRAIN  DATE  HOST  SOURCE 
63 E 93 
63 F 93 
4/22/93 
4/22/93 
Syringa vulgaris 'Paul Thirion' 
Syringa vulgatis 'Paul Thirion' 
Berryhill 
Berryhill 
64 A 93  4/22/93  Syringa vulgaris 'Sensation'  Bailey 
64 B 93  4/22/93  Syringa vulgaris 'Sensation'  Bailey 
64 C 93 
64 D 93 
64 E 93 
64 F 93 
65 A 93 
4/22/93 
4/22/93 
4/22/93 
4/22/93 
4/22/93 
Syringa vulgaris 'Sensation' 
Syringa vulgaris 'Sensation 
Syringa vulganIr 'Sensation' 
Syringa vulgaris 'Sensation' 
Syringa vulganIr 
Bailey 
Bailey 
Bailey 
Bailey 
Oki 
65 B 93  4/22/93  Syringa vulgaris  Oki 
65 C 93  4/22/93  Syringa vagatis  Old 
65 D 93  4/22/93  Syringa mIgaris  Old 
65 E 93  4/22/93  Syringa vulgaris  Oki 
65 F 93  4/22/93  Syringa ttulganIr  Old 
66 A 93  4/22/93  Syringa vulgaris 'Monge'  Oki 
66 B 93  4/22/93  Syringa vulgaris %lunge'  Old 
66 C 93  4/22/93  Syringa vulgaris'Monge'  Old 
66 D 93  4/22/93  Syringa vulgaris 'Mange'  Old 
67 A 93  4/22/93  Syringa vulgaris 'Nancy Buckle'  Oki 
67 B 93  4/22/93  Syringa vulgar* 'Nancy Buckle'  Old 
67 C 93  4/22/93  Syringa vulgaris 'Nancy Buckle'  Old 
67 D 93  4/22/93  Syringa vulgaris 'Nancy Buckle'  Oki 
67 E 93  4/22/93  Syringa vulgaris 'Nancy Buckle'  Oki 
68 A 93 
68 B 93 
68 C 93 
69 A 93 
4/22/93 
4/22/93 
4/22/93 
4/22/93 
Prunus setrukzta 'Snow Fountain' 
Prunus serrulata 'Snow Fountain' 
Prunus serrulata 'Snow Fountain' 
Acer palmatum 'Kadsura' 
Meyer 
Meyer 
Meyer 
Buchholtz 
69 B 93  4/22/93  Acer palmatutn 'Kadsura'  Buchholtz 
69 C 93  4/22/93  Aar palmatum 'Kadsura'  Buchholtz 
70 A 93  4/22/93  Acer paimatum Tiridis'  Buchholtz 
71 A 93  4/22/93  Acer saccharum  Lakeshore 
72 A 93  4/22/93  Acer palmatum  Lakeshore 
73 A 93  4/22/93  Acer palmation  Lakeshore 
74 A 93 
75 A 93 
4/27/93 
4/27/93 
Acer palmatum 'Sango Kaku' 
Viburnum dentatum 'Compactum' 
Klupenger 
Monrovia 
75 B 93  4/27/93  Viburnum dentatum 'Compactum'  Monrovia 
75 C 93  4/27/93  Viburnum dentatum 'Compactum'  Monrovia 
76 A 93  4/27/93  Syringa vulgaris 'Pres Lincoln'  Carlton 
76 B 93  4/27/93  Syringa vulgaris 'Pres Lincoln'  Carlton 
76 C 93  4/27/93  Syringa vulgaris 'Pres Lincoln'  Carlton 
76 D 93  4/27/93  Syringa vulgaris 'Pres Lincoln'  Carlton 
76 E 93  4/27/93  Syringa vulgar* 'Pres Lincoln'  Carlton 
76 F 93  4/27/93  Syringa vulgans 'Pres Lincoln'  Carlton 
77 A 93  4/27/93  Acer palmatum 'Dissectum'  Iseli 
77 B 93  4/27/93  Aar palmatum 'Dissectum'  Iseli 150 
Appendix A. Continued 
STRAIN  DATE  HOST  SOURCE 
77 C 93  4/27/93  Acer palmatum 'Dissectum'  Iseli 
77 D 93  4/27/93  Aar palmaturn 'Dissectum'  Iseli 
78 A 93  4/29/93  Syringa vulgaris  Duncan 
78 B 93  4/29/93  Syringa vulgaris  Duncan 
78 C 93  4/29/93  Syringa vulgar*  Duncan 
78 D 93  4/29/93  Syringa vulgaris  Duncan 
78 E 93  4/29/93  Sy inga vulgat  Duncan 
78 F 93  4/29/93  Syringa vulgaris  Duncan 
79 A 93  4/29/93  Acer palmation 'Sango Kaku'  Carlson 
79 B 93  4/29/93  Acer palmation 'Sang° Kaku'  Carlson 
79 C 93  4/29/93  Acer palmatum 'Sango Kaku'  Carlson 
80 A 93  4/29/93  Acerpalmatum  Carlson 
81 A 93  4/29/93  Acerpalmatum  Woodlot 
82 A 93  4/29/93  Acerpalmatum  Woodlot 
83 A 93  4/29/93  Syringa vulgaris  Woodlot 
83 B 93  4/29/93  Syringa vulgaris  Woodlot 
83 C 93  4/29/93  Syringa vulgaris  Woodlot 
83 D 93  4/29/93  Syringa vulgar*  Woodlot 
83 E 93  4/29/93  Syringa vulgaris  Woodlot 
83 F 93  4/29/93  Syringa vulgaris  Woodlot 
84 A 93  4/29/93  Syringa vulgar*  Atterbery 
84 B 93  4/29/93  Syringa vulgar*  Atterbery 
84 C 93  4/29/93  Syringa *galls  Atterbery 
84 D 93  4/29/93  Syringa vulgaris  Atterbery 
85 A 93  4/29/93  Acerpalmatum  Bountiful 
86 A 93  4/29/93  Acerpalmatum  Bountiful 
86 B 93  4/29/93  Acerpalmatum  Bountiful 
87 A 93  4/29/93  Acerpalmatum  J. Baggot 
87 B 93  4/29/93  Acerpalmatum  J. Baggot 
87 C 93  4/29/93  Acerpalmatum  J. Baggot 
88 A 93  4/29/93  Acerpalmatum  Brentano 
89 A 93  4/29/93  Acerpalmatum  Verna Jean 
89 B 93  4/29/93  Acerpalmatum  Verna Jean 
90 A 93  5/6/93  Syringa vulgaris Pres Lincoln'  Glenwood 
90 B 93  5/6/93  Syringa vulgaris Pres Lincoln'  Glenwood 
91 A 93  5/6/93  Sy inga vulgaris 'Pres Lincoln'  Glenwood 
92 A 93  5/6/93  Acerpalmatum  Glenwood 
92 B 93  5/6/93  Acerpalmatum  Glenwood 
93 A 93  5/6/93  Syringa vulgaris  Glenwood 
93 B 93  5/6/93  Syringa vulgaris  Glenwood 
93 C 93  5/6/93  Syringa vulgaris  Glenwood 
93 D 93  5/6/93  Syringa vulgaris  Glenwood 
94 A 93  5/6/93  Forythia zriridissima  Glenwood 
94 B 93  5/6/93  Forythia viricissima  Glenwood 
94 C 93  5/6/93  Forythia viridissima  Glenwood 
94 D 93  5/6/93  Forrythia viririssima  Glenwood 151 
Appendix A. Continued 
STRAIN  DATE  HOST  SOURCE 
94 E 93  5/6/93  Forrythia viridissima  Glenwood 
94 F 93  5/6/93  Forrythia viridissima  Glenwood 
95 A 93  5/6/93  Vacdnium coymbosum 'Blue node'  Fall Creek 
95 B 93  5/6/93  Vaccinium corymbosum 'Blue node'  Fall Creek 
95 C 93  5/6/93  Vacdnium corymbosum 'Blue node'  Fall Creek 
96 A 93  5/6/93  Vaccinium corymbosum 'Blue node'  Fall Creek 
96 B 93  5/6/93  Vat-dram corymbosum 'Blue node'  Fall Creek 
96 C 93  5/6/93  Vaccinium corymbosum 'Blue node'  Fall Creek 
97 A 93  5/6/93  Vacdnium corymbosum 'Blue node'  Fall Creek 
98 A 93  5/6/93  Vaccinium corymbosum 'Blue node'  Fall Creek 
98 B 93  5/6/93  Vacant= coymbosum 'Blue node'  Fall Creek 
98 C 93  5/6/93  Vacdnium corymbosum 'Blue node'  Fall Creek 
98 D 93  5/6/93  Vacdnium corymbosum 'Blue node'  Fall Creek 
98 E 93  5/6/93  Vaccinium corymbosum 'Blue node'  Fall Creek 
99 A 93 
99 B 93 
100 A 93 
100 B 93 
100 C 93 
101 A 93 
101 B 93 
101 C 93 
101 D 93 
102 A 93 
102 B 93 
102 C 93 
102 D 93 
102 E 93 
103 A 93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
5/6/93 
Acerpalmatum 
Acerpalmatum 
Acer rubrum 
Acer rubrum 
Acer rubrum 
Acerpalmatum 
Acerpalmatum 
Acerpalmatum 
Acerpalmatum 
Acer truncatum 
Acer truncatum 
Acer truncation 
Acer truncatum 
Acer truncatum 
Forsythia viridissima 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
McKenzie Valley 
Starwood 
103 B 93  5/6/93  Forsythia viridissima  Starwood 
103 C 93  5/6/93  Forsythia viridissima  Starwood 
103 D 93  5/6/93  Forsythia viridissima  Starwood 
103E 93  5/6/93  Forsythia viridissima  Starwood 
104 A 93  5/6/93  Acerpalmatum  Starwood 
104 B 93  5/6/93  Aar pabnatum  Starwood 
105 A 93  5/6/93  Acerpalmatum  Glenwood 
105 B 93  5/6/93  Acerpalmatum  Glenwood 
105 C 93  5/6/93  Acerpalmatum  Glenwood 
106 A 93  5/6/93  Acer rubrum  Decker 
106 B 93  5/6/93  Acer rubrum  Decker 
107 A 93  5/6/93  Syringa vulgar* 'Ludwig Spaeth'  Decker 
107 B 93  5/6/93  Syringa vulgaris 'Ludwig Spaeth'  Decker 
107 C 93  5/6/93  Syringa vulgar* 'Ludwig Spaeth'  Decker 
108 A 93  5/6/93  Syringa vulgans 'Ellen Willmott'  Decker 
108 B 93  5/6/93  Syringa vulgarir 'Ellen Willmott'  Decker 
109 A 93  5/6/93  Syringa vulgaris 'Adelaide Dunbar'  Decker 152 
Appendix A. Continued 
STRAIN  DATE  HOST  SOURCE 
109 B 93  5/6/93  Syringa vulgaris 'Adelaide Dunbar'  Decker 
109 C 93  5/6/93  Syringa vulgar* 'Adelaide Dunbar'  Decker 
110 A 93  5/13/96  Syringa vulgar* (purple)  Pheasant Run 
110 B 93  5/13/96  Syringa vulgar* (purple)  Pheasant Run 
110 C 93  5/13/96  Syringa vulgar* (purple)  Pheasant Run 
110 D 93  5/13/96  Syringa vulgatis (purple)  Pheasant Run 
110E 93  5/13/96  Syringa vulgar* (purple)  Pheasant Run 
111 A 93  5/13/96  Syringa vulgar* (white)  Pheasant Run 
112 A 93  5/13/96  Acerpalmatum  Ash Creek 
112 B 93  5/13/96  Acerpalmatum  Ash Creek 
113 A 93  5/13/96  Acerpalmatum  Ash Creek 
113 B 93  5/13/96  Acerpalmatum  Ash Creek 
114 A 93  5/13/96  Acerpalmatum  Pacific NW 
115 A 93  5/13/96  Acer palmatum Viridis'  S. Carneige 
115 B 93  5/13/96  Acer palmatum Tiridis'  S. Cameige 
116 A 93  5/13/96  Acerpalmatum  S. Carneige 
117 A 93  5/13/96  Syringa vulgar*  Shrayer 
117 B 93  5/13/96  Syringa vulgar*  Shrayer 
118 A 93  5/13/96  Sy inga vulgar* (white)  Chandler 
119 A 93  5/13/96  Syringa vulgaris (purple)  Chandler 
119 B 93  5/13/96  Syringa vulgaris (purple)  Chandler 
119 C 93  5/13/96  Syringa vulgaris (purple)  Chandler 
120 A 93  5/13/96  Phillele0bus coronaris 'Snow flake'  Van Essen 
120 B 93  5/13/96  Phi ladeOhus corona,* 'Snow flake'  Van Essen 
120 C 93  5/13/96  PhikzdeOhus corona,* 'Snow flake'  Van Essen 
120 D 93  5/13/96  PhiladeOus coronaris 'Snow flake'  Van Essen 
120E 93  5/13/96  PhilldeObus corona& Snow flake'  Van Essen 
120 F 93  5/13/96  Phi kteleOhus coronaris 'Snow flake'  Van Essen 
121 A 93  5/13/96  Syringa vulgar* Tres Greavy'  Van Essen 
122 A 93  5/13/96  Prunus laurocerasis 'Otto Leuken'  Van Essen 
123 A 93  5/13/96  Acer palmatum 'Sango Kaku'  Blue Heron 
123 B 93  5/13/96  Ater palmatum'SangoKaku'  Blue Heron 
123 C 93  5/13/96  Acer palmatum 'Sang° Kaku'  Blue Heron 
123 D 93  5/13/96  Acer paltnatum 'Sango Kaku'  Blue Heron 
124 A 93  5/13/96  Acerpalmatum  Blue Heron 
124 B 93  5/13/96  Acerpalmatum  Blue Heron 
124 C 93  5/13/96  Acerpalmatum  Blue Heron 
125 A 93  5/13/96  Acerpalmatum 'Crimson Queen'  Blue Heron 
125 B 93  5/13/96  Acer palmatum 'Crimson Queen'  Blue Heron 
126 A 93  5/13/96  Acer rubrum  Blue Heron 
127 A 93  6/7/93  Ijrus pynfolia  Umpqua Organic 
127 B 93 
127 C 93 
6/7/93 
6/7/93 
.IIrus pyrrfika 
./j/ruspyn:fika 
Umpqua Organic 
Umpqua Organic 
127 D 93 
127 E 93 
127 F 93 
6/7/93 
6/7/93 
6/7/93 
Pyrus pynfolia 
1-jrusprifoka 
Pyrus pyn:foka 
Umpqua Organic 
Umpqua Organic 
Umpqua Organic 153 
Appendix A. Continued.
 
STRAIN  DATE  HOST  SOURCE
 
127 G 93  6/7/93  Pyrus jyrz:fbka  Umpqua Organic 
127 H 93  6/7/93  1)'Iws pyrifolia  Umpqua Organic 154 
Appendix B. Pseudomonas yringae strains are characterized positive (1) or negative (0) 
by these nutritional and biochemical tests: F= fluorescence on Kings media B, L = Levan 
production, 0 = Oxidase reaction, P = Potato soft-rot, A = Arginine activity, 1)4R) = 
Tobacco hypersensitive response, G = Gelatin liquefaction, Ae = Aesculin hydrolysis, 
T = Tyrosinase activity, Ta = Tartrate utilization, Ice = Ice nucleation activity, Bio = 
Bioassay on tissue-cultured lilac, Syr = colony hybridization with yrB -yrD probes, Str = 
colony hybridization with strA-strB probes, CopJ = colony hybridization with copJ probe, 
CopA = colony hybridization with copABCD probe. The resistance of strains to copper 
sulfate (mM) was measured on amended CYE media (Cu) and to streptomycin sulfate 
(µg /ml) was measured on amended Kings media B (Sm). 
STRAIN  F  A  T(RR)  G  Ae  T LOP  Ta Ice Bio Syr Str CopJ CopA Cu  Sm 
1 A 92  1 1 0  0 1  1  1  1 0 0 1 0 0 1  0  0  0.16  0 
1 B 92  1 1 0 0 0  1  1  1  1 0 1 1  1 0  0  0  0.16  0 
1 D 92  1 1 0 0  1  1  1 0 1 0 0 1 1 1 0  0 0.16 0 
1 E 92  1 1 0 0 1  1 1 1 1 0 0  1  1  1  0  0 0.16 0 
2 A 92  1  1 0 0 0  1  1 1  1 0 0 1  1 0 0  0 0 0 
2 B 92  1  1 0 0 0  1  1 0 1 0 1 1 1 0 0 0 0.32 0 
2 C 92  1  1 0 0  1  1  1 0 0 0 0  0  1  1  0  0 0.16 0 
2 D 92  1 1  0 0 1  1  1  1 0 0 1 0 0 1 0  0 0.32 0
 
3 A 92  1 1
  0 0  1 0  1 0 0 0 1 1  1  1 0  0 0.32 0
 
3 B 92  1  1 0 0  1  1  1 0  1 0 1 0 0 1
  0  0  0.32  0
 
3 C 92  1  1 0 0 1  1  1 1  1 0 0
  0  0  1  0  0 0.32 0
 
3 D 92  1  1 0 0 1  1  1 1 0 0
  0  1  1  1 0  0 0.32 0
 
3 E 92  1  1 0 0 0 0  1  1
  0 0  1  1  0 1 0  0 0.32 0
 
4 A 92  1  1 0 0 0  1  1 1
  0 0 0 1 1 0 0  0 0 0
 
4 B 92  1  1 0 0 0  1
  1  1 0 0 0  1 0 0  0  0  0 0
 
4 C 92  1  1 0 0 0  0  1  1 0 0 0 0 0 0 0  0  0 0
 
8 A 92  1 1
  0 0 0  1  1 1 0 0 1 1 0 0 0 0 0 0
 
8 B 92  1  1 0 0 0  1  1  1 0 0  1 0  1 0 0  0 0 0
 
13 A 92  1  1 0 0 0  1  1  1 1 0 0  0  1  1  0  0 0.16 0
 
13 B 92  1  1 0 0 1  1  1  1 0 0 1
  0  1  1  0  0 0.16 0
 
13 C 92  1  1 0 0  1  1  1 0 0 0
  1 0  1  1 0  0 0.16 0 
13 D 92  1  1 0 0 0  1  1  1 0 0 1 1 0 0 0  0 0 0 
13 E 92  1  1 0 0 0  1  1  1 0 0 0 0  1  1  0  0 0.16 0 
14 A 92  1 1 0 0 1  1  1 0  1 0 0 0  0  1  0  0 0.32 0 
14 B 92  1  1  0 0 0  1  1 0 0 0 1 1 1 1 0  0 0 0 
14 C 92  1  1 0 0 0  1  1  1 0 0 0 1  1 1 0  0 0 0 
15 A 92  1  1 0 0  1 0  1 0  0 1 0 1 1 0  0  0  0.16 0 
17 A 92  1  0  0 0  1  0  1  1 0 0 0 0 0  1 0  0 0.32 0 
17 B 92  1  1 0 0  1 0  1 0 0 1  0 0  0  1  0  0 0.32 0 
17 C 92  1  1 0 0 0  0  1 0 0 1  1  1 0  1  0  0 0.16 0 
17 D 92  1 0 0 0  1  1  1 1  0 0 0 0 0  1  0  0 0.32 0 
21 A 92  1  1 0 0 0  1  1 0  1 0  1  1  1 0 0  0 0.16 0 
21 B 92  1  1 0 0 1  1  1 0  1 0 1 0  1  1 0  0 0.16 0 155 
Appendix B. Continued. 
STRAIN  F  LOP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr St CopJ CopA Cu  Sm 
21 C 92  1  1  0  0  1  1  1  0  1  0  0  1  1  1  0  0  0.32  0 
21 D 92  1  1  0  0  1  1  1  0  1  0  0  0  1  1  0  0  0.16  0 
23 C 92  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.32  0 
23 G 92  1  1  0  0  1  1  1  0  0  0  1  0  1  0  0  0  0.32  0 
23 H 92  1  0  0  0  1  1  1  1  0  0  0  0  1  1  0  0  0.32  0 
23 I 92  1  1  0  0  1  1  1  0  0  0  1  0  0  0  0  0  0.16  0 
23 J 92  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.16  0 
24 A 92  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.32  0 
24 B 92  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.32  0 
24 C 92  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.32  0 
24 D 92  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.32  0 
25 A 92  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.16  0 
25 B 92  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.16  0 
25 C 92  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.16  0 
26 A 92  1  1  0  0  1  0  1  1  0  0  0  0  0  1  0  0  0.32  0 
26 B 92  1  1  0  0  1  1  1  0  1  0  1  0  0  1  0  0  0.16  0 
26 C 92  1  1  0  0  0  1  1  0  1  0  1  1  1  0  0  0  0  0 
29 A 92  1  0  0  0  0  1  1  1  1  0  1  0  0  1  0  0  0.32  0 
29 B 92  1  0  0  0  0  1  1  1  1  0  1  0  0  0  1  0  0.48  0 
29 C 92  1  0  0  0  0  1  1  1  1  0  0  0  0  0  1  0  0.48  0 
29 D 92  1  0  0  0  0  1  1  1  1  0  0  0  0  0  1  0  0.32  0 
29 E 92  1  0  0  0  0  1  1  1  1  0  0  0  0  1  1  0  0.48  0 
30 A 92  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
30 B 92  1  0  0  0  0  1  1  1  0  0  0  0  0  1  1  0  0.48  0 
30 C 92  1  1  0  0  0  1  1  1  0  0  0  1  0  0  0  0  0  0 
30 D 92  1  1  0  0  0  1  1  0  1  0  0  1  1  0  0  0  0.16  0 
30 E 92  1  0  0  0  0  1  1  1  0  0  1  1  0  0  0  0  0  0 
33 A 92  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  1  0.32  0 
33 B 92  1  1  0  0  0  1  1  1  0  0  1  0  0  1  0  1  0.32  0 
33 C 92  1  1  0  0  0  1  1  1  0  0  0  0  0  1  0  1  0.32  100 
33 D 92  1  1  0  0  0  1  1  1  0  0  1  0  0  0  0  0  0.16  0 
33 E 92  1  1  0  0  0  1  1  1  0  0  0  0  0  1  0  0  0.32  100 
36 A 92  1  0  0  0  0  1  1  1  0  0  1  0  0  1  0  0  0.32  100 
36 B 92  1  0  0  0  0  1  1  1  0  0  1  0  0  1  0  0  0.32  100 
36 C 92  1  0  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.32  100 
36 D 92  1  0  0  0  0  1  1  1  0  0  0  0  0  1  0  0  0.32  100 
36 E 92  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  0  0  0 
37 A 92  1  0  0  0  0  1  1  1  0  0  1  0  0  0  0  0  0.32  0 
37 B 92  1  1  0  0  0  0  1  1  0  0  1  1  0  1  0  0  0.32  0 
37 C 92  1  0  0  0  0  1  1  1  0  0  0  1  0  0  0  0  0.32  0 
37 D 92  1  1  0  0  1  1  1  1  0  0  0  0  0  0  0  0  0.32  0 
38 A 92  1  1  0  0  0  1  1  1  0  0  1  0  0  0  0  0  0  0 
38 B 92  1  0  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.32  0 
38 C 92  1  0  0  0  1  1  1  1  0  0  1  0  0  0  0  0  0.32  0 
38 D 92  1  0  0  0  0  1  1  1  0  0  0  0  0  1  0  0  0.32  100 
38 E 92  1  1  0  0  0  1  1  1  0  0  0  0  1  1  0  0  0.32  100 156 
Appendix B. Continued. 
STRAIN  F  L  OP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Su Cop). CopA Cu  Sm 
40 A 92  1  1  0 0 0  1  1  1 0 0 0 0 0  1 0  0 0 0
40 B 92  1  1 0  0 0  1  1 1 0 0  1  1  1 0 0  0 0 0
40 C 92  1  1  0 0 0  1  1 1 0 0  1 1  1  0 0  0 0 0
40 D 92  1  1  0 0 0  1  1 1 0 0 1 1  1 0 0  0  0 0
41 A 92  1  1 0 0 0  1  1  1 0 0 0  1  1  1  0  1  0.32 100
41 B 92  1  1 0 0 0 1  1  1 0 0 0  1  1  1  0  1 0.32 100
41 C 92  1  1 0 0  0  1  1 1 0 0  0  1  1  1  0  1 0.32 100
41 D 92  1  1 0 0 0  1  1 1 0 0  1 1 1  1  0  0  0 100
41 E 92  1  1 0  0 0  1  1 1 0 0 1 1 I 1 0 0  0  100
43 A 92  1  1 0 0 0  1  1  1 0 0 1 1  1 0 0  0 0 0
43 B 92  1  1  0 0 0  1  1 1 0 0 1 1 1 0 0 0 0 0
43 C 92  1  1 0 0  0  1  1  1 0 0  1 1 1 0 0  0 0 0
43 D 92  1  1 0 0 0  1  1  1 0 0  1 0  0  0 0  0 0 0
43 E 92  1  1  0 0 0  1  1 1 0  0 0 1  1 0 0  0 0 0
44 A 92  1  1 0 0 0  1  1  1 0 0  0 0  1  0  0  0 0.16 0
44 B 92  1  1  0 0 0  1 1 1  0 0  1 0  1 0  0  0 0.16 0
44 C 92  1  1 0 0 0  1  1  1 0 0 0 0 0 0  0  0  0 0
44 D 92  1  1 0 0 0  1  1  1 0 0  1 0 0 0 0  0  0 0
44 E 92  1  1 0 0  0  1  1  1 0 0  1 0 0 0 0  0  0.16  0
47 A 92  1  1 0 0 0  1  1  1 0 0 0  1  1  1  0  0  0.16  100
47 B 92  1  1  0 0 0  1  1 1 0 0 1 1 0 1 0 0 0 100 47 C 92  1  1 0 0 0  1  1  1 0 0 0  1  1  1 0  0 0 0
47 D 92  1  1  0 0 0  1  1  1 0 0 0  1  1  1 0  0 0.16 100 47 E 92  1  1 0 0 0  1  1  1 0 0 1 1  1 1 0 0 0  100 47 F 92  1  1 0 0 0 1  1  1 0 0 1 1 1  1  0  0  0 100
47 G 92  1  1 0 0 0  1  1  1 0 0 1  1  1  1 0  0  0 100
47 H 92  1  1 0 0 0  1  1  1 0 0 0  1 1  1  0  0  0 100
47 J 92  1  1 0  0 0  1 1 1 0 0  0  1  1 0 0  0  0 100
48 A 92  1  1 0 0 0  1  1 1 0 0 1 1  1  0 0  0 0 0
48 B 92  1  1  0 0 0  1  1  1 0 0 1  1 1 0 0  0 0 0
48 C 92  1  1 0 0 0  1  1  1 0 0 0  1 1  1 0  0 0 0
48 D 92  1  1 0 0 0  1  1 1  0 0 0 1  1  1 0 0 0 0
48 E 92  1  1 0 0  0 0  1  1 0 0  0 1  1 0 0 0 0 0
48 F 92  1  1 0 0 0  1  1  1 0 0  0  1  1 0 0 0 0 0
48 G 92  1  1 0 0  0  1  1 1 0 0 1  1  1 0 0  0  0 0
48 H 92  1  1 0 0 0  1  1 1 0 0 1  1 1  0 0  0 0 0 48I 92  1  1 0 0  1  1  1 1  1 0 1 0 0 1 0 0 0  0
48 J 92  1  1 0 0 0  1  1 1 0 0 0  1 1 1 0  0 0 0
1 A 93  1  1 0  0 0  1  1 1 0 0  1  1 1 0 0  0 0 0
1 B 93  1  1 0 0 0  1  1  1 0 0 1  1 1  0 0  0 0 0 1 C 93  1  1 0  0 0  1  1  1 0 0 1 1  1 0 0 0  0 0 1 D 93  1  1 0 0 0  1  1  1 0 0 0  1  1  0 0  0 0 0 1 E 93  1 1  0 0 0  1  1  1 0 0 1 1 1 0 0  0  0 0 2A 93  1  1 0 0 0  1  1  1 0 0 0  1  1 0 0  0 0 0 2B 93  1  1 0 0 0  1  1  1 0 0 1  1 1 0 0 0 0 0 3A 93  1  1 0 0  0  1  1 1 0 0 1  0  1 0 0  0 0 0 157 
Appendix B. Continued. 
STRAIN  F  LOP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Su Cog CopA Cu  Sm 
4A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
5A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
5 B 93  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  0  0  0 
5 C 93  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  0  0.32  0 
6 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.32  0 
6B 93  1  1  0  0  0  1  1  1  0  0  0  0  1  0  0  0  0  0 
6 C 93  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  0  0.16  0 
6D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
6E 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
6F 93  1  1  0  0  0  1  1  1  0  0  0  0  1  0  0  0  0.16  0 
7A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
8A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
8 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
9A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
9 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
10A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
10B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
10C 93  1  1  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0  0 
10D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
10E 93  1  1  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0 
11 A 93  1  1  0  0  0  0  1  1  0  0  0  1  1  0  0  0  0.32  0 
11 B 93  1  1  0  0  0  0  1  1  0  0  0  1  1  0  0  0  0.32  0 
11C 93  1  1  0  0  0  0  1  1  0  0  I  1  1  0  0  0  0.16  0 
11 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.32  0 
11 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.32  0 
11F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
11G 93  1  1  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0.16  0 
12A 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.16  0 
12B 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.16  0 
12C 93  1  1  0  0  0  0  1  1  0  0  0  1  1  0  0  0  0.16  0 
12D 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.16  0 
12E 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.16  0 
12F 93  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.16  0 
12G 93  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0.16  0 
13A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
13B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
13C 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0.16  0 
13D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
13E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.16  0 
13F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
13G 93  1  1  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0.16  0 
14 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  0 
14 B 93  1  1  0  0  0  1  1  0  0  0  0  1  1  1  0  0  0.32  100 
14 C 93  1  0  0  0  0  0  1  0  0  0  0  1  1  1  0  0  0.32  100 
14 D 93  1  1  0  0  0  0  1  1  0  0  0  1  1  0  0  0  0.32  100 
15A 93  1  1  0  0  1  1  1  0  0  0  1  0  0  1  0  0  0.16  0 158 
Appendix B. Continued. 
STRAIN F LOP A T(HR) G Ae T Ta Ice Bio Syr Str CopJ CopA Cu Sm 
15 B 93  1  1 0 0 0  1  1 0 0 0 0 1 1  1 0  0 0.32 100 
15C 93  1  1 0 0 0  1  1  1 0 0 1  1 1 1 0  0 0 100 
15 D 93  1  1 0 0 0  0  1  1 0 0  0  1  1 0  0  0 0.16 100 
16 A 93  1 0 0 0 0  1  1 0 0  0  1  1  1  1 0  0 0 100 
16 B 93  1  1 0 0 0  1  1  1 0 0 1  1  1  1 0 0 0 100 
16 C 93  1  1 0 0 0  1  1  1 0 0 0  1  1  1 0  0 0 100 
16 D 93 1  1 0 0 0  1  1  1 0 0 1  1 1 0 0 0 0 100 
16E 93  1 1 0 0 0  1  1  1 0 0 1 1  1 1 0 0 0 0 
16 F 93  1  1 0 0 0  1  1 0 0 0  1  1  1  1 0  1 0.32 100 
16G 93 1  1 0 0 0  1  1  1 0 0 0 1 1 1 0 0 0 0 
17 A 93  1  1 0 0 0  1  1  1 0 0 0  1  1 1 0  0 0.32 100 
17 C 93  1  1 0 0  0  1  1  1 0 0  1  0  1 0 0  1 0.32 100 
17D 93  1 1 0 0 0  1  1 1 0 0 1 0 0 1 0  0 0 0 
18 A 93  1 0 0 0 0  1  1  0  1 0 0  1 0  1  0  0 0.16 100 
18 B 93  1  1 0  0  1  0  1 0 0 0 0 0 0  1  0  0 0.32 0 
18 D 93  1  1 0  0  1 0  1 0 0 0 0  1  0 1 0  0 0.16 100 
18E 93  1  1 0 0 0 0  1  1 0 0 1  1 0 1 0  0  0 0 
18 F 93  1  1  0 0 0  0  1  1 0 0 0  1 0  1  0  0 0.16 100 
19 A 93  1  1 0 0 0  1  1  1 0  0  1  1 0  1 0  0 0.32 100 
19 B 93  1  1 0 0 0  1  1  1 0 0  1 1  1  1 0  0 0.32 100 
19 C 93  1  1 0 0 0  1  1 1 0 0 1  1 1 1 0  0 0.32 100 
19 D 93 1  1 0 0 0  1  1  1 0 0  1  1  1  1 0  0 0.32 100 
19 E 93  1  1 0 0 0  1  1  1 0 0 1 0  1  1 0  0 0.32 100 
19 F 93  1  1 0  0  1  1  0 1 0 0 1  1  1  1 0  0 0.48 100 
19 G 93  1 1 0 0  0  1  1  1 0 0 1 1  1 1  1  0 0.32 100 
20 A 93  1  1 0 0  0  1  1  1 0 0 1 1  1 1 0  0 0.32 100 
20 B 93  1  1 0 0 0  1  1  1 0 0 1  1  1  1  1  0 0.32 100 
20 C 93  1  1 0 0 0  1  1  1 0 0 1  1  1  1 0  0 0.32 100 
20 D 93  1  1 0 0  0  1  1  1 0 0 1  1  1  1 0  0 0.32 100 
20 E 93  1  1 0 0 0  1  1  1 0 0 1  1  1  1  1  0 0.48 100 
20 F 93  1  1 0 0 0  1  1  1 0 0  1  0  1 1  1  0 0.48 100 
20 G 93  1 0 0 0 0  1  1  1 0  0  1  1  1  1 0  0 0.32 100 
21 A 93  1 0 0 0 0  1  1  1 0 0 1 0 1  1 0 0 0.32 100 
21B 93  1  1 0  0  1 0 I 0 1 0 0 1 1 1 0  0 0.48 0 
21 C 93  1 0 0 0  0  1  1  1 0 0 0  0 1  1  1  0 0.32 0 
21 D 93  1  1 0 0 0 0  1  1  1 0 0  0  1  1  1  0 0.32 100 
21 E 93  1  1 0 0 0  1  1  1 0 0 1  1  1 0  1  0 0.32 0 
21 F 93 1  1 0 0 0  1  1  1 0 0 0 1 1 1  1  0 0.48 100 
22 A 93 1 1 0 0 0  1  1 1 0 0 1 1 1 1  1 0 0.48 100 
22 B 93  1  1 0 0 0  1  1 I 0  0  1  1  1  1 0  0 0.32 100 
22 C 93 1  1 0 0  1  1  0 1 0 0 1  1 1 1 0  0 0.32 100 
22 D 93 1  1 0 0 0  1  1 1 0 0 1  1 1 1 0  0 0.32 100 
22 E 93  1  1 0 0 0  1  1  1 0 0 0  0  1  1  0  0 0.32 100 
22 F 93  1 0 0 0  0  1  1  1 0 0 0  1  1  1  0  0 0.32 100 
23 A 93  1 0 0 0  0  1  1  1 0 0  0  1  1  1 0  0 0.32 100 
23 C 93  1  1 0 0 0  1  1  1 0 0 0  1 0  1 0  0 0.16 0 159 
Appendix B. Continued. 
STRAIN  F  L  OP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Str CopJ CopA Cu  Sm 
23 D 93  1  1  0  0  0  1  1  1  0  0  0  1  0  1.  0  0  0.16  100 
24 A 93  1  0  0  0  0  1  1  1  1  0  0  0  0  1  0  0  0.32  0 
25 A 93  1  0  0  0  0  1  1  1  1  0  0  0  0  0  0  0  0  0 
25B 93  1  1  0  0  0  0  1  1  0  0  0  1  0  0  0  0  0  0 
25 C 93  1  1  0  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0 
25 D 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
25 E 93  1  0  0  0  1  0  1  0  0  0  0  1  0  0  0  0  0  0 
25 F 93  1  1  0  0  1  0  1  1  0  0  0  1  0  0  0  0  0  100 
26 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
26 B 93  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  0  0  0 
27 A 93  1  1  0  0  0  1  1  1  0  0  1  1  I  0  0  0  0  100 
27 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  100 
27 C 93  1  0  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0  100 
28A 93  1  1  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0  0 
29A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
29B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
30 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
30B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
30 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
31 A 93  1  0  0  0  0  1  1  0  0  0  0  0  0  1  0  1  0.32  100 
31 B 93  1  0  0  0  1  0  0  0  0  1  0  0  0  1  0  0  0.16  100 
31 C 93  1  0  0  0  0  1  1  0  0  0  0  0  0  1  0  1  0.32  100 
32 A 93  1  1  0  0  0  1  1  1  0  0  0  0  0  1  0  1  0.32  100 
32 B 93  1  0  0  0  0  1  1  0  0  0  0  0  0  1  0  1  0.32  100 
32 C 93  1  1  0  0  1  0  1  1  0  1  0  0  0  0  0  0  0.32  0 
33 A 93  1  0  0  0  0  1  1  1  1  0  0  1  1  1  0  0  0.32  0 
33 B 93  1  0  0  0  0  1  1  0  0  0  1  1  1  1  0  0  0.32  0 
34 A 93  1  0  0  0  0  1  1  0  0  0  1  1  0  1  0  1  0.32  100 
34 B 93  1  1  0  0  0  1  1  1  0  0  1  0  0  1  0  1  0.32  100 
35 A 93  1  0  0  0  1  0  0  0  0  0  0  0  1  0  0  0  0  0 
35 B 93  1  0  0  0  1  0  0  0  0  0  1  1  1  0  0  0  0.16  0 
35 C 93  1  0  0  0  0  1  1  0  0  0  1  0  1  1  0  1  0.32  0 
35 D 93  1  0  0  0  1  0  1  1  0  0  0  1  0  0  0  0  0.16  0 
36A 93  1  0  0  0  1  1  1  0  0  1  0  0  1  0  0  0  0  0 
36 B 93  1  0  0  0  1  0  1  0  0  0  0  1  1  0  0  0  0  0 
37 A 93  1  0  0  0  1  1  1  0  0  0  0  0  1  0  0  0  0  0 
37B 93  1  0  0  0  1  0  1  0  0  0  0  0  1  0  0  0  0  100 
37C 93  1  0  0  0  1  0  1  0  0  0  0  0  1  0  0  0  0  100 
37 D 93  1  0  0  0  0  0  1  0  0  0  1  0  1  0  0  0  0  100 
38A 93  1  1  0  0  1  1  1  0  0  0  1  1  1  0  0  0  0  0 
38 B 93  1  1  0  0  1  0  1  0  0  0  1  1  0  0  0  0  0  0 
38 C 93  1  0  0  0  0  0  1  0  0  0  1  1  0  1  0  0  0  100 
38 D 93  1  0  0  0  0  0  1  0  0  0  1  1  0  0  0  0  0  0 
39 A 93  1  0  0  0  1  0  1  0  0  0  1  1  0  1  0  0  0  100 
39 B 93  1  0  0  0  1  0  1  0  0  0  1  1  0  0  0  0  0  0 
39 C 93  1  0  0  0  1  0  1  0  0  0  1  0  0  1  0  0  0  100 160 
Appendix B. Continued. 
STRAIN  F  LOP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Str CopJ CopA Cu  Sm 
39 D 93  1  0  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
40 A 93  1  0  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0  0 
40 B 93  1  0  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
41 A 93  1  0  0  0  0  1  0  1  1  1  1  1  1  0  0  1  0.32  0 
41 B 93  1  0  0  0  0  1  0  1  1  0  1  0  1  0  0  1  0.32  0 
41C 93  1  1  0  0  0  1  0  1  0  0  1  0  1  0  0  0  0  0 
41 D 93  1  1  0  0  0  1  1  1  0  0  1  0  0  0  0  1  0.32  0 
42A 93  1  0  0  0  0  0  1  1  0  1  1  1  1  0  0  0  0.16  0 
42B 93  1  1  0  0  0  1  1  0  0  0  1  0  1  0  0  0  0  0 
42 C 93  1  0  0  0  0  1  0  0  0  0  1  1  1  0  0  0  0  0 
43 A 93  1  0  0  0  0  0  0  0  0  1  1  1  0  0  0  0  0  0 
43 B 93  1  1  0  0  1  0  1  1  0  0  1  0  0  0  0  0  0  0 
43C 93  1  1  0  0  0  1  1  1  0  0  1  1  0  0  0  0  0  0 
44A 93  1  1  0  0  0  1  1  0  0  0  0  0  1  0  0  0  0  0 
44B 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  0 
44C 93  1  0  0  0  0  1  1  0  0  0  0  0  1  0  0  0  0  0 
45 A 93  1  1  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0.32  0 
45 B 93  1  1  0  0  0  1  0  1  0  0  1  0  1  0  0  0  0  0 
45 C 93  1  1  0  0  0  1  1  1  0  0  1  0  1  1  0  0  0.32  100 
46 A 93  1  1  0  0  0  1  1  1  0  0  1  0  1  1  0  0  0.32  0 
46 B 93  1  1  0  0  0  0  0  1  0  0  1  0  0  1  0  1  0.32  100 
46 C 93  1  0  0  0  0  1  1  0  0  0  0  1  1  1  0  0  0.32  100 
46 D 93  1  1  0  0  0  1  1  1  0  0  1  0  1  1  0  0  0.32  100 
46 E 93  1  1  0  0  0  1  1  1  0  0  1  0  1  1  0  0  0.32  0 
47 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
47 B 93  1  0  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
47 C 93  1  1  0  0  0  1  0  1  0  0  1  0  0  0  0  0  0  0 
48 A 93  1  1  0  0  0  1  0  1  0  0  0  0  0  1  0  1  0.32  100 
48 B 93  1  1  0  0  0  1  1  1  0  0  0  0  0  1  0  1  0.32  100 
48 C 93  1  1  0  0  0  1  0  1  0  0  0  0  0  1  0  1  0.32  100 
48 D 93  1  1  0  0  0  1  0  1  0  0  0  1  0  1  0  1  0.32  100 
48 E 93  1  1  0  0  0  1  1  0  0  0  1  0  0  1  0  1  0.32  100 
49 A 93  1  1  0  0  0  1  1  0  0  1  1  1  1  1  0  0  0.32  100 
49 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  100 
49 C 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
49 D 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
49 E 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
49 F 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
50 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  1  0.32  100 
50 B 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
50 C 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
50 D 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
50 E 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  1  0.32  100 
50 F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  1  0.32  100 
51 A 93  1  0  0  0  0  1  1  1  0  1  1  0  1  1  0  0  0  100 
51B 93  1  1  0  0  0  1  1  1  0  0  0  0  0  0  0  0  0  0 161 
Appendix B. Continued.
 
STRAIN F LOP A T(HR) G Ae T Ta Ice Bio Syr Str CopJ  CopA Cu Sm
 
51 C 93  1  0  0  0  0  1  1  1  0  1  1  0  1  1  0  0  0.32  0 
51D 93  1  1  0  0  1  1  1  1  0  1  1  1  1  0  0  0  0  0 
51E 93  1  1  0  0  1  1  0  1  0  0  0  0  0  0  0  0  0  0 
51F 93  1  1  0  0  1  1  1  1  0  1  1  1  1  0  1  0  0.32  0 
52 A 93  1  1  0  0  1  1  1  1  0  1  1  0  0  1  0  1  0.32  0 
52 B 93  1  1  0  0  1  1  1  1  0  0  0  1  1  0  0  1  0.32  0 
52 C 93  1  0  0  0  1  1  1  1  0  1  1  1  1  0  0  1  0.32  0 
52D 93  1  1  0  0  1  1  1  1  0  1  1  1  1  0  0  0  0.16  0 
52 E 93  1  1  0  0  1  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
52 F 93  1  0  0  0  1  1  1  1  0  1  0  0  0  1  0  1  0.32  0 
53 A 93  1  1  0  0  1  1  0  1  0  0  0  1  1  1  0  0  0.32  100 
53 B 93  1  1  0  0  1  1  1  1  0  1  1  1  1  1  0  1  0.32  100 
53 C 93  1  1  0  0  1  1  1  1  0  1  1  1  1  1  0  0  0.32  100 
53 D 93  1  0  0  0  1  1  1  0  0  0  0  1  1  1  0  1  0.32  100 
53 E 93  1  1  0  0  1  1  1  1  0  1  1  1  1  1  0  1  0.32  100 
53 F 93  1  0  0  0  0  1  1  0  0  0  1  1  1  1  0  1  0.32  100 
54 A 93  1  0  0  0  0  1  1  0  0  1  0  1  1  0  0  0  0.16  0 
54 B 93  1  1  0  0  0  1  1  1  0  1  1  1  1  0  1  0  0.32  0 
54 C 93  1  0  0  0  0  1  1  0  0  1  1  1  1  1  0  0  0.32  100 
54 D 93  1  0  0  0  0  1  0  0  0  0  0  1  0  0  0  0  0.16  0 
54 E 93  1  1  0  0  0  1  1  1  0  1  0  1  0  0  0  0  0.32  100 
55 A 93  1  0  0  0  0  1  1  0  0  1  1  1  1  1  1  0  0.32  0 
55 B 93  1  0  0  0  0  1  1  1  0  1  1  1  0  0  0  0  0.32  0 
55 C 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  0  0.32  0 
56A 93  1  1  0  0  0  1  1  1  0  1  1  1  0  1  0  0  0.16  0 
56 B 93  1  0  0  0  0  1  1  0  0  0  0  1  0  0  0  0  0.16  0 
56 C 93  1  1  0  0  0  1  1  1  0  1  1  1  0  0  0  0  0.32  0 
56 D 93  1  1  0  0  0  1  1  1  0  1  1  1  1  0  0  0  0.32  0 
57 A 93  1  0  0  0  0  0  1  1  0  1  0  0  0  0  0  1  0.32  100 
58 A 93  1  0  0  0  0  1  1  1  0  1  0  1  0  0  0  0  0.16  0 
58 B 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0.16  0 
58 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  100 
58 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
58 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0.16  0 
59 A 93  1  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0.16  100 
59 B 93  1  1  0  0  0  1  1  1  0  0  0  0  0  0  0  0  0.16  0 
60 A 93  1  1  0  0  1  1  1  1  0  0  0  0  1  0  0  0  0  100 
60 B 93  1  0  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
60 C 93  1  0  0  0  0  1  1  1  0  0  0  1  1  1  1  0  0.32  100 
60D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
60 E 93  1  0  0  0  0  1  1  1  0  0  1  1  1  1  0  1  0.32  0 
61 A 93  1  1  0  0  0  1  0  1  0  0  1  0  0  1  0  1  0.32  100 
61 B 93  1  1  0  0  0  1  1  1  0  1  0  0  0  1  0  1  0.32  100 
61 C 93  1  1  0  0  1  0  1  1  0  1  0  0  0  0  0  0  0.32  0 
61 D 93  1  1  0  0  0  1  1  1  0  1  0  0  0  1  0  1  0.32  100 
61 E 93  1  1  0  0  0  1  0  1  0  0  0  0  0  1  0  1  0.32  100 162 
Appendix B. Continued. 
STRAIN  F  L  OP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Six CopJ CopA Cu  Sm 
61 F 93  1  1  0  0  0  1  0  1  0  0  0  0  0  1  0  1  0.32  100 
62 A 93  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0  0 
62 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
62 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
62 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
62 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
62F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
63 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
63 B 93  1  1  0  0  0  1  1  0  0  1  1  1  1  1  0  0  0  100 
63 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
63 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
63 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
63 F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
64 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  100 
64 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
64 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  100 
64 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.16  100 
64 E 93  1  1  0  0  1  1  0  1  0  0  1  1  1  1  0  0  0.32  100 
64F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
65A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
65B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
65 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0 
65 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  100 
65E 93  1  1  0  0  1  1  1  1  0  0  1  1  1  0  0  0  0  0 
65 F 93  1  0  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
66A 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
66 B 93  1  0  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
66 C 93  1  0  0  0  0  1  1  1  0  0  0  1  0  0  0  0  0  0 
66 D 93  1  0  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
67 A 93  1  0  0  0  0  1  1  1  1  0  1  1  1  0  0  0  0  0 
67B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
67 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
67D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
67 E 93  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  1  0.32  0 
68 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  1  0.32  0 
68 B 93  1  1  0  0  1  1  0  1  0  0  1  0  1  1  0  0  0.32  100 
68 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  0 
69 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
69 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  100 
69 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
70 A 93  1  1  0  0  0  1  1  0  0  0  1  0  1  0  0  0  0.16  0 
71A 93  1  1  0  0  1  0  1  1  0  1  0  1  1  0  0  0  0.16  0 
72 A 93  1  1  0  0  1  0  1  1  0  0  0  1  1  0  0  0  0.16  0 
73 A 93  1  0  0  0  1  0  1  0  0  0  0  0  0  1  0  0  0.32  100 
74 A 93  1  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  100 
75 A 93  1  1  0  0  1  0  1  0  0  1  1  0  0  1  0  0  0.80  100 163 
Appendix B. Continued. 
STRAIN F  L OP A T(HR) G Ae T Ta Ice Bio Syr Str CopJ CopA Cu Sm
 
75 B 93  1  1  0  0  0  1  1  1  0  0  1  1  0  0  1  0  0.32  0 
75 C 93  1  0  0  0  1  0  1  0  0  0  0  0  1  0  0  0  0.16  100 
76A 93  1  1  0  0  0  1  1  0  0  1  1  1  1  0  0  0  0  0 
76 B 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  0 
76C 93  1  1  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
76D 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
76 E 93  1  1  0  0  1  0  0  1  0  0  1  1  1  0  0  0  0.32  100 
76 F 93  1  0  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
77 A 93  1  1  0  0  0  1  1  1  0  1  0  0  0  1  0  0  0.16  100 
77 B 93  1  1  0  0  1  1  1  1  0  0  0  0  0  1  0  0  0.16  100 
77 C 93  1  0  0  0  1  0  0  1  0  0  0  1  1  1  0  0  0.32  100 
77 D 93  1  0  0  0  1  0  0  1  0  0  0  1  1  1  0  0  0.16  100 
78 A 93  1  0  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
78 B 93  1  0  0  0  0  1  1  0  0  0  0  1  1  1  0  0  0  0 
78 C 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  100 
78D 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
78E 93  1  1  0  0  1  1  0  1  0  0  1  0  1  0  0  0  0  0 
78F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
79 A 93  1  0  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
79 B 93  1  0  0  0  0  0  1  1  0  0  1  0  1  0  0  0  0  0 
79 C 93  1  0  0  0  0  0  1  1  0  0  1  0  1  0  0  0  0  0 
80 A 93  1  1  0  0  0  1  1  1  0  0  0  1  0  0  0  0  0  0 
81A 93  1  0  0  0  1  0  0  0  0  0  1  0  0  0  0  0  0  0 
82A 93  1  1  0  0  0  0  0  1  0  0  1  1  0  0  0  0  0  0 
83 A 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
83B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
83 C 93  1  1  0  0  1  1  1  1  0  0  1  1  1  0  0  0  0  0 
83 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
83 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
83F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
84 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
84 B 93  1  1  0  0  0  1  1  0  0  0  1  1  1  0  0  0  0  0 
84 C 93  1  1  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  0 
84D 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  0 
85A 93  1  0  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0.16  0 
86 A 93  1  1  0  0  1  0  0  0  0  0  1  0  1  0  0  0  0.16  0 
86 B 93  1  0  0  0  1  0  1  0  0  1  1  0  1  0  0  0  0.48  100 
87 A 93  1  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0 
87 B 93  1  1  0  0  1  1  1  1  0  0  0  0  0  0  0  0  0  0 
87 C 93  1  1  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0 
88 A 93  1  1  0  0  1  0  1  1  0  0  0  0  0  1  0  0  0  0 
89 A 93  1  0  0  0  1  0  1  0  0  0  0  1  0  0  0  0  0  0 
89 B 93  1  0  0  0  1  1  1  0  0  0  0  1  0  0  0  0  0  0 
90 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
90B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
91A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 164 
Appendix B. Continued. 
STRAIN  F  LOP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Str Cop). CopA Cu  Sm 
92 A 93  1  1  0  0  1  1  1  0  0  0  0  0  0  1  0  0  0  0 
92 B 93  1  1  0  0  0  1  1  0  0  1  1  0  1  0  0  0  0  0 
93 A 93  1  1  0  0  0  1  0  1  0  0  1  1  1  0  0  0  0  0 
93 B 93  1  1  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  0 
93C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
93D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
94A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
94B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
94 C 93  1  0  0  0  0  1  1  0  0  0  0  1  1  1  0  0  0  100 
94 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
94 E 93  1  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0 
94 F 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
95 A 93  1  1  0  0  0  1  1  1  0  0  2  0  0  1  1  0  0.32  0 
95 B 93  1  0  0  0  0  1  1  0  0  0  0  0  0  0  1  0  0.32  0 
95 C 93  1  0  0  0  0  1  1  0  0  0  0  0  1  0  0  0  0  0 
96 A 93  1  0  0  0  1  0  1  1  0  0  0  1  1  1  0  0  0  100 
96 B 93  1  0  0  0  0  0  1  0  0  0  0  1  0  1  0  0  0  100 
96 C 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  100 
97 A 93  1  0  0  0  0  0  1  0  0  0  0  0  0  1  0  0  0  100 
98 A 93  1  0  0  0  0  1  0  0  0  0  0  1  1  1  0  0  0.32  100 
98 B 93  1  0  0  0  0  1  1  0  0  0  0  0  0  0  1  0  0.32  0 
98 C 93  1  0  0  0  1  0  1  0  0  0  0  0  0  0  1  0  0.48  0 
98 D 93  1  0  0  0  0  1  1  0  0  0  1  0  0  0  1  0  0.32  0 
98 E 93  1  1  0  0  0  0  1  1  0  0  1  0  0  0  1  0  0.32  0 
99 A 93  1  1  0  0  0  1  1  1  0  0  0  1  1  0  0  0  0  0 
99 B 93  1  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0 
100 A 93  1  1  0  0  0  0  1  1  0  0  0  1  1  1  1  0  0.32  100 
100 B 93  1  1  0  0  0  0  1  1  0  0  1  1  0  0  0  0  0  0 
100 C 93  1  1  0  0  0  0  1  1  0  0  0  1  0  0  0  0  0.32  0 
101 A 93  1  1  0  0  0  0  0  1  0  0  1  1  0  0  0  0  0  0 
101 B 93  1  1  0  0  0  0  1  0  0  0  0  1  0  0  0  0  0  0 
101 C 93  1  1  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0 
101 D 93  1  1  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0 
102 A 93  1  1  0  0  0  0  0  1  0  0  0  1  1  0  0  0  0.32  0 
102 B 93  1  1  0  0  0  0  0  1  0  0  0  1  0  0  0  0  0  0 
102 C 93  1  1  0  0  0  1  0  1  0  0  0  0  1  0  0  0  0  0 
102 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
102 E 93  1  1  0  0  0  1  0  1  0  0  0  1  1  0  0  0  0  0 
103 A 93  1  1  0  0  0  1  1  0  0  1  0  1  1  0  0  0  0  0 
103 B 93  1  1  0  0  0  1  0  0  0  0  0  1  1  0  0  0  0  0 
103 C 93  1  0  0  0  0  1  1  0  0  0  0  1  1  0  0  0  0  0 
103 D 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
103 E 93  1  1  0  0  0  0  1  1  0  0  1  0  1  0  0  0  0  0 
104 A 93  1  0  0  0  1  0  1  0  0  0  1  0  0  0  0  0  0  0 
104 B 93  1  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0 
105 A 93  1  0  0  0  1  0  1  0  0  0  1  0  0  0  0  0  0.16  0 165 
Appendix B. Continued. 
STRAIN F LOP A T(HR) G Ae T Ta Ice Bio Syr Su Cop). CopA Cu Sm
 
105 B 93  1  1  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0.16  0 
105 C 93  1  0  0  0  1  0  1  0  0  1  0  1  0  0  0  0  0.16  0 
106 A 93  1  1  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0.48  100 
106 B 93  1  0  0  0  0  0  1  0  0  1  1  0  0  1  0  0  0.16  0 
107 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
107 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  100 
107 C 93  1  0  0  0  0  1  0  0  0  0  1  1  1  1  0  0  0  100 
108 A 93  1  0  0  0  0  1  1  0  0  1  1  1  1  1  1  0  0.32  100 
108 B 93  1  1  0  0  0  0  1  0  0  1  0  0  1  0  0  0  0.32  0 
109 A 93  1  0  0  0  0  1  0  0  0  0  0  1  1  1  0  0  0.32  100 
109 B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  100 
109 C 93  1  0  0  0  0  1  1  0  0  0  1  1  1  1  0  0  0.16  100 
110A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
110 B 93  1  1  0  0  0  1  0  1  0  1  1  1  0  0  0  0  0  0 
110 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
110 D 93  1  0  0  0  0  1  0  1  0  1  1  1  1  0  0  0  0  0 
110 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  100 
111 A 93  1  0  0  0  1  1  1  1  0  0  1  0  0  0  0  0  0  0 
112 A 93  1  1  0  0  0  0  1  1  0  0  1  0  1  0  0  0  0  0 
112 B 93  1  0  0  0  0  1  1  1  0  0  0  0  0  0  0  0  0  0 
113 A 93  1  1  0  0  1  0  0  1  0  0  1  0  1  0  0  0  0  0 
113B 93  1  0  0  0  1  0  0  1  0  1  0  0  0  0  0  0  0.16  0 
114 A 93  1  0  0  0  0  1  1  1  0  0  1  1  0  0  0  0  0.32  0 
115 A 93  1  1  0  0  0  1  0  0  0  0  0  1  1  1  1  0  0.32  0 
115 B 93  1  1  0  0  0  0  1  1  0  0  1  0  0  1  1  0  0.32  0 
116 A 93  1  1  0  0  0  0  1  1  0  0  1  0  0  0  0  0  0  0 
117 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
117B 93  1  0  0  0  0  1  1  1  0  0  1  1  I  0  0  0  0  0 
118 A 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
119 A 93  1  1  0  0  0  0  1  1  0  0  1  1  1  1  0  0  0  0 
119B 93  1  1  0  0  0  0  1  1  0  0  1  1  1  0  0  0  0  0 
119 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  0  0  0  0  0 
120 A 93  1  1  0  0  0  1  1  1  0  0  1  0  1  1  0  0  0  0 
120B 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
120 C 93  1  1  0  0  0  0  1  0  0  1  1  1  1  1  0  0  0  0 
120 D 93  1  1  0  0  0  0  1  0  0  1  0  1  1  1  0  0  0  0 
120 E 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0  0 
120F 93  1  1  0  0  0  1  1  0  0  1  1  1  1  1  0  0  0  0 
121 A 93  1  0  0  0  0  1  0  0  0  0  0  1  1  1  0  0  0  0 
122 A 93  1  0  0  0  0  1  1  0  0  0  0  1  1  1  0  0  0  0 
123 A 93  1  0  0  0  0  1  0  0  0  0  1  1  1  1  0  0  0.32  100 
123 B 93  1  0  0  0  0  1  0  0  0  0  0  0  1  1  0  0  0.32  0 
123 C 93  1  1  0  0  0  1  1  1  0  0  1  1  1  1  0  0  0.32  0 
123 D 93  1  0  0  0  0  1  0  0  0  0  0  1  1  0  1  0  0.32  0 
124 A 93  1  0  0  0  0  1  0  0  0  0  1  1  1  0  0  0  0.16  0 
124B 93  1  1  0  0  0  1  1  1  0  0  1  0  1  0  0  0  0  0 166 
Appendix B. Continued. 
STRAIN  F  LOP  A  T(HR)  G  Ae  T  Ta Ice Bio Syr Str CopJ CopA Cu  Sm 
124 C 93  1  1  0  0  0  1  1  1  0  0  0  1  1  1  0  0  0  100 
125 A 93  1  0  0  0  0  1  0  0  0  0  1  0  1  0  0  0  0.32  0 
125 B 93  1  0  0  0  0  1  0  0  0  1  0  1  1  1  0  0  0.32  0 
126 A 93  1  1  0  0  0  1  1  1  0  1  1  1  1  1  0  1  0.32  0 
127 A 93  1  0  0  0  0  0  1  1  0  0  0  1  1  0  0  0  0.16  0 
127 B 93  1  0  0  0  0  0  1  1  0  0  0  1  1  0  0  0  0.16  0 
127C 93  1  0  0  0  1  0  1  1  0  0  1  1  1  0  0  0  0  0 
127 D 93  1  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0 
127 E 93  1  1  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0  0 
127 F 93  1  1  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0.16  0 
127 G 93  1  0  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0.16  0 
127 H 93  1  1  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0  0 167 
Appendix C. Collection site, block and host species of strains of Pseudomonas Dlingae.
 
Resistance phenotypes are as follows: Cus =sensitive to CuSO4 in CYE, Cur= resistant
 
to 0.16 mM CuSO4 in CYE. 
LOCATION 
Landscape OHSU 
Landscape - OHSU 
Landscape - OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape - OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape OHSU 
Landscape - OHSU 
Landscape - OHSU 
Landscape - OHSU 
Nursery A - OR Garden Products 
Nursery A OR Garden Products 
Nursery A OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A - OR Garden Products 
Nursery A OR Garden Products 
Nursery A - OR Garden Products 
BLOCK PLANT SPECIES  Cus  Cur 
1  1  Syringa vulgaris  7.71  0.00 
1  2  Syringa vulgaris  6.60  0.00 
1  3  Syringa vulgaris  7.60  0.00 
1  4  Syringa vulgaris  5.81  0.00 
1  5  Syringa vulgaris  7.30  0.00 
1  6  Syringa vulgaris  6.78  0.00 
1  7  Syringa vulgaris  9.26  0.00 
1  8  Syringa vulgaris  9.30  0.00 
1  9  Sy-inga vulgaris  9.08  0.00 
1  10  Syringa vulgaris  7.00  0.00 
1  11  Syringa vulgar-is  3.08  0.00 
1  12  Syringa vulgaris  5.28  0.00 
1  13  Syringa vulgaris  4.48  0.00 
1  14  Syringa vulgaris  5.30  0.00 
1  15  Syringa vulgaris  2.00  0.00 
1  16  Syringa vulgaris  6.78  0.00 
1  17  Syringa vulgarilf  7.32  0.00 
1  18  Syringa vulgaris  7.58  0.00 
1  19  Syringa vulgaris  5.08  0.00 
1  20  Syringa vulgaris  7.11  0.00 
1  21  Syringa vulgaris  5.15  0.00 
1  22  Syringa vulgaris  3.26  0.00 
1  23  Syringa vulgaris  2.95  0.00 
1  24  Syringa vulgaris  3.30  0.00 
1  25  Syringa vulgaris  0.00  0.00 
1  26  Syringa vulgaris  8.70  0.00 
1  27  Syringa vulgaris  7.95  0.00 
1  28  Syringa vulgaris  7.74  0.00 
1  29  Syringa vulgaris  7.70  0.00 
1  30  Syringa vulgar*  6.90  0.00 
1  1  Syringa vulgaris 'Lucie Baltet'  9.08  7.26 
1  2  Syringa vulgaris 'Lucie Bake?  7.51  0.00 
1  3  Syringa vulgaris 'Lucie Baltet'  9.34  7.91 
1  4  Syringa vulgaris 'Lucie Baltet'  8.30  7.04 
1  5  Syringa vulgaris 'Lucie Baltet'  7.04  6.48 
1  6  Syringa vulgaris 'Lucie Baltet'  5.86  3.54 
1  7  Syringa vulgaris 'Lucie Baltet'  7.74  5.21 
1  8  Syringa vulgaris 'Lucie Baltet'  9.18  8.04 
1  9  Syringa vulgaris `Lucie Bake?  9.52  7.40 
1  10  Syringa vulgaris 'Lucie Baltet'  7.26  6.50 
1  11  Syringa vulgaris 'Lucie Baltet'  6.78  4.70 
1  12  Syringa vulgaris 'Lucie Baltet'  7.80  6.30 
1  13  Syringa vulgaris 'Lucie Bake?  7.46  5.76 168 
Appendix C. Continued. 
LOCATION  BLOCK PLANT SPECIES  Cus  Cur 
Nursery A OR Garden Products  1  14  Syringa vulgaris 'Lucie Bake'  7.76  6.93 
Nursery A - OR Garden Products  1  15  Syringa vulgans 'Lucie Bake?  8.08  4.78 
Nursery A OR Garden Products  2  1  Syringa vulgans 'Mme. Lemoine'  2.00  0.00 
Nursery A OR Garden Products  2  2  Syringa vulgatis 'Mme. Lemoine'  3.93  3.79 
Nursery A - OR Garden Products  2  3  Syringa vulgaris 'Mme. Lemoine'  7.26  0.00 
Nursery A - OR Garden Products  2  4  Syringa vulgaris 'Mme. Lemoine'  3.62  2.30 
Nursery A - OR Garden Products  2  5  Syringa vulgaris 'Mme. Lemoine'  7.11  0.00 
Nursery A - OR Garden Products  2  6  Syringa vulgaris 'Mme. Lemoine'  6.70  5.61 
Nursery A - OR Garden Products  2  7  Syringa vulgaris 'Mme. Lemoine'  4.60  3.11 
Nursery A - OR Garden Products  2  8  Syringa vulgaris 'Mme. Lemoine'  7.48  5.65 
Nursery A OR Garden Products  2  9  Syringa vulgaris 'Mme. Lemoine'  7.32  5.73 
Nursery A OR Garden Products  2  10  Synnga vulgaris `Mme. Lemoine'  5.23  2.70 
Nursery A - OR Garden Products  3  1  Syringa vulgatis 'Mme. Lemoine'  7.72  7.57 
Nursery A OR Garden Products  3  2  Syringa vulgaris`Mme. Lemoine'  8.76  8.48 
Nursery A - OR Garden Products  3  3  Syringa vulgaris 'Mme. Lemoine'  7.42  6.66 
Nursery A - OR Garden Products  3  4  Syringa vulgatis 'Mme. Lemoine'  7.88  7.84 
Nursery A OR Garden Products  3  5  Syringa vs/kepis  Lemoine'  8.71  8.70 
Nursery A OR Garden Products  3  6  Syringa vulgaris 'Mme. Lemoine'  7.07  7.04 
Nursery A - OR Garden Products  3  7  Syringa vulgans "Mme. Lemoine'  7.41  7.40 
Nursery A OR Garden Products  3  8  Syringa vulgaris 'Mme. Lemoine'  7.52  7.42 
Nursery A OR Garden Products  3  9  Syringa vulgaris'Mme. Lemoine'  7.82  7.50 
Nursery A - OR Garden Products  3  10  Syringa vulgan's 'Mme. Lemoine'  7.78  7.50 
Nursery A - OR Garden Products  3  11  Syringa vulgar* 'Mme. Lemoine'  7.62  7.59 
Nursery A - OR Garden Products  3  12  Syringa vulgarir 'Mme. Lemoine'  7.33  7.32 
Nursery A OR Garden Products  3  13  Syringa vulgaris 'Mine. Lemoine'  6.85  6.82 
Nursery A OR Garden Products  3  14  Syringa vulgaris 'Mme. Lemoine'  8.38  8.32 
Nursery A - OR Garden Products  3  15  Synnga vulgaris 'Mme. Lemoine'  8.20  8.11 
Nursery A - OR Garden Products  3  16  Syringa vukarir 'Mme. Lemoine'  8.51  8.36 
Nursery A - OR Garden Products  3  17  Synnga rukaris- 'Mme. Lemoine'  8.04  7.91 
Nursery A - OR Garden Products  3  18  Syinga vulgaris 'Mme. Lemoine'  8.46  8.40 
Nursery A - OR Garden Products  3  19  Synnga vulgan's 'Mme. Lemoine'  8.30  8.26 
Nursery A OR Garden Products  3  20  Syringa vulgaris 'Mme. Lemoine'  8.40  8.28 
Nursery A OR Garden Products  4  1  Syringa vulgaric 'Michael Buchner'  5.37  5.25 
Nursery A OR Garden Products  4  2  Syringa vulgaris 'Michael Buchner'  5.31  5.29 
Nursery A - OR Garden Products  4  3  Synnga vulgans 'Michael Buchner'  7.37  6.90 
Nursery A OR Garden Products  4  4  Syringa vulgaris 'Michael Buchner  8.08  7.70 
Nursery A - OR Garden Products  4  5  Syringa vulgaris 'Michael Buchner'  6.64  5.70 
Nursery A - OR Garden Products  4  6  Syringa vulgans 'Michael Buchner'  5.05  4.96 
Nursery A - OR Garden Products  4  7  Synnga vulgaris 'Michael Buchner'  6.36  5.88 
Nursery A - OR Garden Products  4  8  Syringa vulgarir 'Michael Buchner'  8.00  7.95 
Nursery A - OR Garden Products  4  9  Syringa vulgaris 'Michael Buchner'  7.47  6.32 
Nursery A - OR Garden Products  4  10  Syringa vulgaris 'Michael Buchner'  7.90  7.85 
Nursery A - OR Garden Products  4  11  Syringa vulgaris 'Michael Buchner'  7.78  7.54 
Nursery A OR Garden Products  4  12  Syringa ridgaris 'Michael Buchner'  7.78  4.46 
Nursery A OR Garden Products  4  13  Syringa vulgaris 'Michael Buchner'  7.32  6.85 
Nursery A OR Garden Products  4  14  Syringa vulgaris 'Michael Buchner'  6.92  5.60 169 
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Nursery A - OR Garden Products  4  15  Syringa vulgar* 'Michael Buchner'  7.35  7.28 
Nursery A - OR Garden Products  4  16  Syringa vulgar* 'Michael Buchner  5.98  5.14 
Nursery A OR Garden Products  4  17  Syringa vulgar* 'Michael Buchner  8.60  8.43 
Nursery A - OR Garden Products  4  18  Syringa xi/saris 'Michael Buchner'  8.26  8.20 
Nursery A - OR Garden Products  4  19  Syringa vulgaris 'Michael Buchner'  5.53  4.08 
Nursery A - OR Garden Products  4  20  Syringa vulgar* 'Michael Buchner'  8.00  4.34 
Nursery A - OR Garden Products  5  1  Syinga vulgaris 'Michael Buchner'  7.25  6.28 
Nursery A OR Garden Products  5  2  Syringa vulgaris 'Michael Buchner'  5.63  3.78 
Nursery A - OR Garden Products  5  3  Syringa vulgar* 'Michael Buchner  8.18  7.26 
Nursery A - OR Garden Products  5  4  Syinga vulgaris 'Michael Buchner'  7.85  7.78 
Nursery A - OR Garden Products  5  5  Syringa vulgaris 'Michael Buchner'  6.48  6.42 
Nursery A - OR Garden Products  5  6  Syringa vulgaris 'Michael Buchner  4.90  4.04 
Nursery A - OR Garden Products  5  7  Syinga vagaris 'Michael Buchner'  8.38  8.23 
Nursery A - OR Garden Products  5  8  Syringa vulgaris 'Michael Buchner'  8.34  8.04 
Nursery A - OR Garden Products  5  9  Syringa vulgaris 'Michael Buchner'  7.78  7.45 
Nursery A - OR Garden Products  5  10  Syinga vulgaris 'Michael Buchner'  6.81  6.18 
Nursery A OR Garden Products  5  11  Syringa vulgaris 'Michael Buchner'  8.54  8.18 
Nursery A - OR Garden Products  5  12  Syringa vulgaris 'Michael Buchner  8.66  8.52 
Nursery A OR Garden Products  5  13  Syringa vulgar* 'Michael Buchner'  7.78  6.85 
Nursery A OR Garden Products  5  14  Syringa vulgar* 'Michael Buchner'  9.56  8.74 
Nursery A - OR Garden Products  5  15  Syringa vulgaris 'Michael Buchner'  8.90  8.64 
Nursery A - OR Garden Products  5  16  Syringa vulgaris 'Michael Buchner'  7.95  7.50 
Nursery A OR Garden Products  5  17  Syringa vulgaris 'Michael Buchner'  8.15  7.50 
Nursery A OR Garden Products  5  18  Syringa vulgaris 'Michael Buchner'  9.00  9.00 
Nursery A - OR Garden Products  5  19  Syringa vulgaris 'Michael Buchner'  8.26  8.08 
Nursery A OR Garden Products  5  20  Syringa vulgaris 'Michael Buchner'  8.23  8.18 
Nursery B - Monrovia  1  1  Syringa vulgar*  4.90  4.08 
Nursery B - Monrovia  1  2  Syringa vulgaris  7.70  7.13 
Nursery B Monrovia  1  3  Syringa vulgaris  8.72  7.84 
Nursery B - Monrovia  1  4  Syringa vulgar*  8.57  8.52 
Nursery B - Monrovia  1  5  Syinga vulgaris  9.13  9.08 
Nursery B Monrovia  1  6  Syringa vulgaris  8.91  8.91 
Nursery B Monrovia  1  7  Syringa vulgaris  7.95  7.63 
Nursery B Monrovia  1  8  Syringa vulgaris  3.90  3.90 
Nursery B - Monrovia  1  9  Syringa vulgaris  8.76  8.73 
Nursery B - Monrovia  1  10  Syringa vulgaris  6.62  6.45 
Nursery B - Monrovia  1  11  Syringa vulgaris  8.62  7.54 
Nursery B - Monrovia  1  12  Syringa vulgaris  8.52  7.67 
Nursery B Monrovia  1  13  Syringa vulgaris  8.92  7.88 
Nursery B - Monrovia  1  14  Syringa vulgaris  9.00  9.36 
Nursery B Monrovia  1  15  Syringa vulgar*  4.34  5.26 
Nursery B Monrovia  1  16  Syringa vulgaris  6.96  6.34 
Nursery B - Monrovia  1  17  Syringa vulgaris  9.09  8.88 
Nursery B - Monrovia  1  18  Syringa vulgaris  8.70  8.60 
Nursery B - Monrovia  1  19  Syringa vulgaris  8.49  7.43 
Nursery B - Monrovia  1  20  Syringa vulgaris  8.32  8.22 170 
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Nursery B - Monrovia  2  1  Syringa vulgar* 'Angel White'  8.45  7.34 
Nursery B - Monrovia  2  2  Syringa vulgarzlr 'Angel White'  7.15  7.36 
Nursery B - Monrovia  2  3  Syringa vulgarir 'Angel White'  8.56  8.51 
Nursery B - Monrovia  2  4  Syringa vulgaris 'Angel White'  8.51  8.44 
Nursery B - Monrovia  2  5  Syringa vulgaris 'Angel White'  8.77  8.76 
Nursery B - Monrovia  2  6  Syringa vulgaris 'Angel White'  8.83  8.77 
Nursery B - Monrovia  2  7  Syringa vulgar* 'Angel White'  7.90  6.13 
Nursery B - Monrovia  2  8  Syringa vulgaris 'Angel White'  4.04  3.78 
Nursery B Monrovia  2  9  Syringa vulgarb 'Angel White'  8.59  8.50 
Nursery B - Monrovia  2  10  Syringa vulgaris 'Angel White'  6.65  6.18 
Nursery B Monrovia  2  11  Syringa vulgaris 'Angel White'  8.73  8.72 
Nursery B - Monrovia  2  12  Syringa vulgaris 'Angel White'  8.11  7.98 
Nursery B Monrovia  2  13  Syringa vulgaris 'Angel White'  7.86  7.01 
Nursery B Monrovia  2  14  Syringa vulgaris 'Angel White'  9.17  9.28 
Nursery B - Monrovia  2  15  Syringa vulgaris 'Angel White'  4.18  4.34 
Nursery B - Monrovia  2  16  Syringa vulgaris 'Angel White'  8.95  8.83 
Nursery B - Monrovia  2  17  Syringa vulgaris 'Angel White'  8.62  8.64 
Nursery B - Monrovia  2  18  Syringa vulgaris 'Angel White'  7.64  7.43 
Nursery B Monrovia  2  19  Syringa vulgar* 'Angel White'  8.70  8.74 
Nursery B Monrovia  2  20  Syinga vulgaris 'Angel White'  8.51  8.51 
Nursery B - Monrovia  3  1  Syringa vulgaris 'Angel White'  7.61  7.18 
Nursery B - Monrovia  3  2  Syringa vulgaris 'Angel White'  9.15  7.45 
Nursery B Monrovia  3  3  Syinga vulgaris 'Angel White'  7.61  7.54 
Nursery B - Monrovia  3  4  Syringa vulgarz's 'Angel White'  6.78  6.60 
Nursery B Monrovia  3  5  Syringa vulgaris 'Angel White'  7.90  7.80 
Nursery B Monrovia  3  6  Syinga vulgaris 'Angel White'  7.38  6.01 
Nursery B - Monrovia  3  7  Syinga vulgaris 'Angel White'  7.45  7.30 
Nursery B - Monrovia  3  8  Syringa vulgarb 'Angel White'  7.46  7.42 
Nursery B Monrovia  3  9  Syringa vulgar* 'Angel White'  9.45  9.04 
Nursery B - Monrovia  3  10  Syringa vulgaris 'Angel White'  7.61  7.39 
Nursery B Monrovia  3  11  Syringa vulgaris 'Angel White'  8.03  7.80 
Nursery B - Monrovia  3  12  Syringa vulgar* 'Angel White'  9.71  7.38 
Nursery B Monrovia  3  13  Syringa vulgar* 'Angel White'  7.34  7.28 
Nursery B - Monrovia  3  14  Syringa mdgarb 'Angel White'  7.79  7.26 
Nursery B Monrovia  3  15  Syringa vulgaris 'Angel White'  5.91  4.78 
Nursery B - Monrovia  3  16  Syringa vulgaris 'Angel White'  8.48  7.87 
Nursery B - Monrovia  3  17  Syringa vulgaris 'Angel White'  8.60  7.88 
Nursery B Monrovia  3  18  Syringa vulgaris 'Angel White'  9.15  4.95 
Nursery B Monrovia  3  19  Syringa mggaris 'Angel White'  7.72  7.71 
Nursery B - Monrovia  3  20  Syringa vulgaris 'Angel White'  7.81  5.69 
Nursery C Fisher  1  1  Syringa vulgaris  6.78  6.11 
Nursery C  Fisher  1  2  Syringa vulgar*  7.40  6.71 
Nursery C - Fisher  1  3  Syringa vulgaris  5.93  5.86 
Nursery C - Fisher  1  4  Syringa vulgaris  6.48  6.02 
Nursery C Fisher  1  5  Syringa vulgar*  7.46  5.00 
Nursery C - Fisher  1  6  Syringa vulgaris  7.57  5.30 171 
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Nursery C - Fisher  1  7  Syringa vulgar*  7.23  5.99 
Nursery C - Fisher  1  8  Synnga vulgaris  7.23  5.36 
Nursery C Fisher  1  9  Syringa vulgar*  5.97  6.03 
Nursery C - Fisher  1  10  Syringa vulgaris  7.36  7.15 
Nursery C Fisher  1  11  Syringa vulgar*.  5.89  7.70 
Nursery C - Fisher  1  12  Syringa vulgaris  4.78  7.48 
Nursery C - Fisher  1  13  Syringa vulgar*  6.89  0.00 
Nursery C - Fisher  1  14  Syringa vulgar*  7.40  5.98 
Nursery C - Fisher  1  15  Syringa vulgaris  7.92  6.91 
Nursery C - Fisher  1  16  Syringa vulgaris  7.11  8.18 
Nursery C Fisher  1  17  Syringa vulgaris  6.70  7.15 
Nursery C - Fisher  1  18  Syringa vulgar*  5.49  7.46 
Nursery C Fisher  1  19  Syringa vulgaris  7.04  7.43 
Nursery C - Fisher  1  20  Syringa pagans  5.98  7.64 
Nursery C Fisher  2  1  Syringa vulgaris  6.81  5.38 
Nursery C Fisher  2  2  Syringa vulgar*  7.91  7.08 
Nursery C  - Fisher  2  3  Syringa vulgaris  7.04  5.89 
Nursery C Fisher  2  4  Synnga vulgar*  7.28  0.00 
Nursery C Fisher  2  5  Syringa vulgaris  9.18  4.70 
Nursery C Fisher  2  6  Synnga vulgar*  7.91  5.81 
Nursery C  - Fisher  2  7  Syringa vulgar*  7.61  5.97 
Nursery C Fisher  2  8  Syringa vulgar*  7.85  5.83 
Nursery C Fisher  2  9  Syringa vulgaris  7.59  5.85 
Nursery C - Fisher  2  10  Syringa vulgatis  7.11  7.30 
Nursery C Fisher  2  11  Syringa vulgar*  7.67  5.28 
Nursery C Fisher  2  12  Syringa vulgaris  7.52  2.60 
Nursery C Fisher  2  13  Syringa vulgaris  7.15  6.48 
Nursery C Fisher  2  14  Syringa vulgar*  5.43  6.01 
Nursery C - Fisher  2  15  Syringa vulgaris  7.82  5.64 
Nursery C - Fisher  2  16  Syringa vulgaris  5.32  5.45 
Nursery C - Fisher  2  17  Syringa vulgaris  6.48  5.57 
Nursery C Fisher  2  18  Syringa vulgaris  7.00  0.00 
Nursery C Fisher  2  19  Syringa vulgaris  7.45  5.86 
Nursery C - Fisher  2  20  Syringa pagans  7.41  5.81 
Nursery D  J. F. Schmidt  1  1  Syringa vulgaris  8.90  6.03 
Nursery D  J. F. Schmidt  1  2  Syringa vulgaris  7.43  7.81 
Nursery D  J. F. Schmidt  1  3  Syringa vulgar*  7.75  6.28 
Nursery D  J. F. Schmidt  1  4  Syringa vulgar*  7.15  5.94 
Nursery D  - J. F. Schmidt  1  5  Syringa vulgaris  5.56  7.33 
Nursery D  - J. F. Schmidt  1  6  Syringa vulgaris  6.60  4.03 
Nursery D  J. F. Schmidt  1  7  Syringa vulgaris  7.46  5.82 
Nursery D  J. F. Schmidt  1  8  Syringa vulgar*  7.23  7.29 
Nursery D  J. F. Schmidt  1  9  Syringa vulgar*  6.95  6.10 
Nursery D  - J. F. Schmidt  1  10  Syringa vulgar*  7.38  6.95 
Nursery D  - J. F. Schmidt  1  11  Syringa vulgar*  6.70  5.48 
Nursery D J. F. Schmidt  1  12  Syringa vulgaris  7.34  6.67 172 
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Nursery D J. F. Schmidt  1  13  Syringa vulgaris  7.36  6.67 
Nursery D - J. F. Schmidt  1  14  Syringa vulgaris  8.38  5.48 
Nursery D - J. F. Schmidt  1  15  Syringa rim/saris  6.78  5.23 
Nursery D - J. F. Schmidt  1  16  Syringa vulgaris  5.76  5.28 
Nursery D J. F. Schmidt  1  17  Syringa vulgaris  7.26  5.97 
Nursery D - J. F. Schmidt  1  18  Syringa vulgar*  7.04  4.95 
Nursery D J. F. Schmidt  1  19  Syringa vulgaris  8.70  3.66 
Nursery D J. F. Schmidt  1  20  Syringa vulgaris  9.23  6.18 
Nursery D - J. F. Schmidt  2  1  Syringa vulgar* 'Mme. Lemoine'  7.76  7.00 
Nursery D - J. F. Schmidt  2  2  Syringa vulgaris 'Mme. Lemoine'  7.58  6.60 
Nursery D - J. F. Schmidt  2  3  Syinga vulgaris 'Mrne. Lemoine'  7.72  6.90 
Nursery D - J. F. Schmidt  2  4  Syringa vulgaris 'Mme. Lemoine'  6.83  5.49 
Nursery D J. F. Schmidt  2  5  Syringa vulgemS 'Mme. Lemoine'  9.11  5.13 
Nursery D J. F. Schmidt  2  6  Syringa vulgaris 'Mme. Lemoine'  7.66  3.32 
Nursery D - J. F. Schmidt  2  7  Syringa vulgaris 'Mme. Lemoine'  7.63  6.85 
Nursery D J. F. Schmidt  2  8  Syringa v4garis 'Mme. Lemoine'  7.49  4.85 
Nursery D - J. F. Schmidt  2  9  Syringa vulgaris 'Mme. Lemoine'  7.82  3.98 
Nursery D J. F. Schmidt  2  10  Syringa vulgar* 'Mme. Lemoine'  7.95  5.92 
Nursery D J. F. Schmidt  2  11  Syringa vulgaris 'Mme. Lemoine'  6.59  4.02 
Nursery D J. F. Schmidt  2  12  Syringa vulgaris 'Mme. Lemoine'  6.43  4.30 
Nursery D - J. F. Schmidt  2  13  Syringa vulgaris 'Mme. Lemoine'  6.78  5.81 
Nursery D - J. F. Schmidt  2  14  Syringa vulgaris 'Mme. Lemoine'  7.74  5.15 
Nursery D - J. F. Schmidt  2  15  Syringa vulgaris 'Mme. Lemoine'  7.85  6.48 
Nursery D - J. F. Schmidt  2  16  Syringa vulgaris 'Mme. Lemoine'  8.70  5.41 
Nursery D J. F. Schmidt  2  17  Syringa pagan's 'Mme. Lemoine'  7.93  4.00 
Nursery D J. F. Schmidt  2  18  Syringa vulgaris 'Mme. Lemoine'  8.85  4.78 
Nursery D - J. F. Schmidt  2  19  Syringa vulgaris  Lemoine'  8.95  5.97 
Nursery D - J. F. Schmidt  2  20  Syringa vulgaris  Lemoine'  8.70  4.63 
Nursery D - J. F. Schmidt  3  1  Syinga vulgaris Pres. Greavy'  7.42  3.88 
Nursery D - J. F. Schmidt  3  2  Syringa vulgaris 'Pres. Greavy'  6.92  6.78 
Nursery D - J. F. Schmidt  3  3  Syringa vulgarir Pres. Greavy'  6.70  0.00 
Nursery D J. F. Schmidt  3  4  Syringa vulgarir 'Pres. Greavy'  6.63  2.95 
Nursery D J. F. Schmidt  3  5  Syringa vulgaris Pres. Greavy'  7.02  3.43 
Nursery D J. F. Schmidt  3  6  Syinga vulgaris 'Pres. Greavy'  8.53  0.00 
Nursery D - J. F. Schmidt  3  7  Syringa vulgaris 'Pres. Greavy'  8.43  3.93 
Nursery D - J. F. Schmidt  3  8  Syringa vulgaris 'Pres. Greavy'  7.59  0.00 
Nursery D J. F. Schmidt  3  9  Syringa vulgar-is 'Pres. Greavy'  7.90  3.32 
Nursery D J. F. Schmidt  3  10  Syringa vulgaris 'Pres. Greavy'  7.52  4.51 
Nursery D - J. F. Schmidt  3  11  Syringa vulgaris 'Pres. Greavy'  7.86  2.30 
Nursery D - J. F. Schmidt  3  12  Syringa vulgar* 'Pres. Greavy'  7.33  5.46 
Nursery D - J. F. Schmidt  3  13  Syringa vulgaris 'Pres. Greavy'  7.60  3.52 
Nursery D J. F. Schmidt  3  14  Syringa vagaris 'Pres. Greavy'  7.68  4.62 
Nursery D J. F. Schmidt  3  15  Syringa vulgaris 'Pres. Greavy'  6.72  2.60 
Nursery D - J. F. Schmidt  3  16  Syringa vulgaris 'Pres. Greavy'  7.79  0.00 
Nursery D - J. F. Schmidt  3  17  Syringa vulgaris 'Pres. Greavy'  7.23  0.00 
Nursery D - J. F. Schmidt  3  18  Syringa vulgaris 'Pres. Greavy'  5.85  5.21 173 
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Nursery D - J. F. Schmidt  3  19  Syringa vulgaris 'Pres. Greavy'  7.78  3.08 
Nursery D J. F. Schmidt  3  20  Syringa vutaris Pres. Greavy'  7.60  0.00 
Nursery E - Islei  1  1  Syringa vulgaris 'Meyeri'  8.32  7.41 
Nursery E - Islei  1  2  Syringa vulgar* 'Meyer?  7.69  6.80 
Nursery E Islei  1  3  Syringa vulgaris 'Meyer?  8.00  6.65 
Nursery E - Islei  1  4  Syringa vulgaris 'Meyeri'  7.57  6.54 
Nursery E - Islei  1  5  Syringa vulgaris 'Meyeri'  7.95  6.78 
Nursery E - Islei  1  6  Syringa vulgaris 'Meyer?  7.51  8.32 
Nursery E - Islei  1  7  Syringa vulgans 'Meyer?  8.30  8.38 
Nursery E  Islei  1  8  Syringa vutatir 'Meyer?  7.75  7.56 
Nursery E - Islei  1  9  Syringa vulgaris 'Meyer?  7.01  7.77 
Nursery E - Islei  1  10  Syringa vulgarir 'Meyer?  7.18  4.32 
Nursery E - Islei  1  11  Synnga vulgaris 'Meyer?  7.38  7.01 
Nursery E - Islei  1  12  Syringa vulgar* 'Meyer?  8.60  7.19 
Nursery E - Islei  1  13  Syringa vulgaris 'Meyer?  7.99  7.12 
Nursery E - Islei  1  14  Syringa vulgarz's 'Meyer?  7.90  7.64 
Nursery E - Islei  1  15  Syringa vulganIr 'Meyer?  9.92  6.57 
Nursery E - Islei  1  16  Syringa vulgaris 'Meyer?  8.85  7.53 
Nursery E - Islei  1  17  Syringa vulgarir 'Meyer?  7.58  7.08 
Nursery E - Islei  1  18  Syringa vulgaris 'Meyer?  8.82  5.60 
Nursery E - Islei  1  19  Syringa vulgaris 'Meyer?  7.65  7.50 
Nursery E - Islei  1  20  Syringa vulganr 'Meyer?  7.90  0.00 
Nursery E - Islei  2  1  Syringa vulgaris 'Meyer?  7.95  0.00 
Nursery E - Islei  2  2  Syringa vulgaris 'Meyer?  8.70  7.38 
Nursery E - Islei  2  3  Syringa vulgaris 'Meyeri'  5.48  8.60 
Nursery E - Islei  2  4  Syringa ridge:Hs 'Meyer?  5.78  5.85 
Nursery E - Islei  2  5  Syringa vulgaris 'Meyer?  7.34  4.94 
Nursery E - Islei  2  6  Syringa vulgaris 'Meyer?  8.70  5.45 
Nursery E - Islei  2  7  Syringa vulgaris 'Meyer?  7.90  4.79 
Nursery E - Islei  2  8  Syringa vulgans 'Meyer?  7.96  6.94 
Nursery E - Islei  2  9  Syringa vulgaris 'Meyer?  8.78  5.90 
Nursery E - Islei  2  10  Syringa vulganIr 'Meyeri'  7.48  7.25 
Nursery E - Islei  2  11  Syringa vulgaris 'Meyer?  7.65  4.15 
Nursery E - Islei  2  12  Syringa vulgarir 'Meyer?  7.68  4.51 
Nursery E - Islei  2  13  Syringa vulgaris 'Meyeri'  7.74  5.95 
Nursery E - Islei  2  14  Syringa vulgar* 'Meyer?  9.63  6.80 
Nursery E - Islei  2  15  Syringa vulgaris 'Meyer?  8.00  0.00 
Nursery E - Islei  2  16  Syringa vulgaris 'Meyer?  9.94  8.32 
Nursery E - Islei  2  17  Syringa vulgaris 'Meyer?  7.71  7.26 
Nursery E - Islei  2  18  Syringa vulgans 'Meyer?  7.32  4.41 
Nursery E - Islei  2  19  Syringa vulgar* 'Meyer?  3.00  7.16 
Nursery E  Islei  2  20  Syringa vulgaris 'Meyeri'  7.97  6.76 
Nursery E Islei  3  1  Syringa vulgar* 'Meyeri'  7.04  8.44 
Nursery E  Islei  3  2  Synnga vulgaris 'Meyeri'  8.08  6.95 
Nursery E  Islei  3  3  Syringa vulgaris 'Meyer?  7.26  7.54 
Nursery E - Islei  3  4  Syinga vulgatis 'Meyer?  8.28  6.96 174 
Appendix C. Continued. 
LOCATION  BLOCK PLANT SPECIES  Cus  Cur 
Nursery E - Is lei  3  5  Syringa vulgaris 'Meyeri'  7.38  7.14 
Nursery E Is lei  3  6  Syringa vulgarir 'Meyeri'  7.90  6.85 
Nursery E - Is lei  3  7  Syringa vulgaris 'Meyeri'  7.00  7.97 
Nursery E - Is lei  3  8  Syringa vulgaris 'Meyer?  6.97  7.35 
Nursery E - Is lei  3  9  Syringa vulgaris 'Meyer?  6.77  5.75 
Nursery E - Is lei  3  10  Syringa vulgaris 'Meyer?  7.05  6.14 
Nursery E Is lei  3  11  Syringa vulgcnis 'Meyer?  7.30  7.23 
Nursery E - Is lei  3  12  Syringa vulgaris 'Meyer?  7.34  7.90 
Nursery E - Is lei  3  13  Syringa vulgaris 'Meyer?  5.14  6.87 
Nursery E Is lei  3  14  Syringa vulgarir 'Meyer?  6.77  7.87 
Nursery E Is lei  3  15  Syringa vulgaris 'Meyer?  6.91  7.93 
Nursery E - Is lei  3  16  Syringa vulgaris 'Meyer?  6.43  7.97 
Nursery E - Is lei  3  17  Syringa vulgan's 'Meyer?  6.59  6.46 
Nursery E - Is lei  3  18  Syringa vulgaris 'Meyer?  6.49  6.00 
Nursery E - Is lei  3  19  Syringa vulgaris 'Meyer?  6.40  7.60 
Nursery E - Is lei  3  20  Syringa vulgaris 'Meyer?  6.59  6.97 
Nursery B Monrovia  1  1  Acer palmatum 'Red Rhapsody'  9.40  4.31 
Nursery B - Monrovia  1  2  Acer palmatum 'Red Rhapsody'  9.04  0.00 
Nursery B - Monrovia  1  3  Acer palmatum 'Red Rhapsody'  6.85  0.00 
Nursery B - Monrovia  1  4  Acer palmatum 'Red Rhapsody'  8.32  0.00 
Nursery B - Monrovia  1  5  Acer palmatum 'Red Rhapsody'  5.60  3.49 
Nursery B - Monrovia  1  6  Acer palmatum 'Red Rhapsody'  5.78  0.00 
Nursery B Monrovia  1  7  Acer palmatum 'Red Rhapsody'  7.00  6.49 
Nursery B - Monrovia  1  8  Acer palmatum 'Red Rhapsody'  8.51  2.85 
Nursery B - Monrovia  1  9  Acer palmatum 'Red Rhapsody'  7.54  4.05 
Nursery B Monrovia  1  10  Acer palmatum 'Red Rhapsody'  7.20  6.48 
Nursery B - Monrovia  1  11  Acer palmatum 'Red Rhapsody'  7.81  0.00 
Nursery B - Monrovia  1  12  Acer palmatum 'Red Rhapsody'  6.85  0.00 
Nursery B Monrovia  1  13  Acer palmation 'Red Rhapsody'  3.00  0.00 
Nursery B - Monrovia  1  14  Acer palmation 'Red Rhapsody'  7.57  3.82 
Nursery B Monrovia  1  15  Acer palmatum 'Red Rhapsody'  7.94  0.00 
Nursery B Monrovia  1  16  Acer palmatum 'Red Rhapsody'  9.11  5.26 
Nursery B Monrovia  1  17  Acer palmatum 'Red Rhapsody'  7.88  0.00 
Nursery B Monrovia  1  18  Acerpa/matum 'Red Rhapsody'  7.28  7.38 
Nursery B - Monrovia  1  19  Acer pabnatum 'Red Rhapsody'  7.54  0.00 
Nursery B - Monrovia 
Nursery D J. F. Schmidt 
1 
1 
20 
1 
Acer palmatum 'Red Rhapsody' 
Acer palmatum 'Sango Kaku' 
7.91 
8.53 
5.32 
3.30 
Nursery D - J. F. Schmidt 
Nursery D J. F. Schmidt 
1 
1 
2 
3 
Acer palmatum 'Sango Kaku' 
Acer palmation 'Sango Kaku' 
9.04 
8.78 
7.95 
4.76 
Nursery D - J. F. Schmidt 
Nursery D J. F. Schmidt 
1 
1 
4 
5 
Acer palmatum 'Sango Kaku' 
Acer palmatum 'Sango Kaku' 
8.48 
8.81 
8.08 
5.54 
Nursery D - J. F. Schmidt  1  6  Acer palmatum 'Sango Kaku'  8.48  5.90 
Nursery D - J. F. Schmidt  1  7  Acer palmatum 'Sango Kaku'  8.32  6.05 
Nursery D - J. F. Schmidt  1  8  Acer palmatum 'Sango Kaku'  8.66  3.85 
Nursery D - J. F. Schmidt 
Nursery D J. F. Schmidt 
1 
1 
9 
10 
Acer palmatum 'Sango Kaku' 
Acer palmatum 'Sango Kaku' 
8.96 
7.33 
6.45 
4.78 175 
Appendix C. Continued. 
LOCATION  BLOCK PLANT SPECIES  Cus  Cur 
Nursery D - J. F. Schmidt  1  11  Acerpalmatum'Sango Kaku'  8.46  5.50 
Nursery D J. F. Schmidt  1  12  Acerpalmatum'Sango Kaku'  7.06  3.48 
Nursery D J. F. Schmidt  1  13  Acerpalmatum'Sango Kaku'  6.91  4.92 
Nursery D - J. F. Schmidt  1  14  Acerpalmatum'Sango Kaku'  8.40  3.30 
Nursery D J. F. Schmidt  1  15  Acer pabnatum 'Sango Kaku'  7.90  6.66 
Nursery D J. F. Schmidt  1  16  Acerpalmatum'Sango Kaku'  8.58  5.17 
Nursery D J. F. Schmidt  1  17  Acerpalmatum'Sango Kaku'  7.26  5.36 
Nursery D - J. F. Schmidt  1  18  Acerpalmatum'Sango Kaku'  7.60  6.52 
Nursery D - J. F. Schmidt  1  19  Acerpalmatum'Sango Kaku'  8.04  5.06 
Nursery D - J. F. Schmidt  1  20  Acerpalmatum'Sango Kaku'  7.78  6.32 
Nursery E - Islei  1  1  Acerpalmatum'Sango Kaku'  5.95  4.26 
Nursery E - Islei  1  2  Acerpalmatum'Sango Kaku'  7.85  7.27 
Nursery E Islei  1  3  Acerpalmatum'Sango Kaku'  4.36  3.30 
Nursery E - Islei  1  4  Acerpalmatum'Sango Kaku'  4.98  4.88 
Nursery E - Islei  1  5  Acerpalmatum'Sango Kaku'  5.60  4.89 
Nursery E - Islei  1  6  Acerpalmatum'Sango Kaku'  3.00  0.00 
Nursery E - Islei  1  7  Acerpalmatum'Sango Kaku'  5.01  0.00 
Nursery E - Islei  1  8  Acerpalmatum'Sango Kaku'  8.75  0.00 
Nursery E - Islei  1  9  Acerpalmatum'Sango Kaku'  5.78  0.00 
Nursery E  Islei  1  10  Acerpalmatum'Sango Kaku'  6.48  6.11 
Nursery E Islei  1  11  Acerpalmatum'Sango Kaku'  5.78  5.79 
Nursery E Islei  1  12  Acerpalmatum'Sango Kaku'  6.38  5.78 
Nursery E - Islei  1  13  Acerpalmatum'Sango Kaku'  5.05  4.53 
Nursery E - Islei  1  14  Acerpalmatum'Sango Kaku'  5.90  5.85 
Nursery E - Islei  1  15  Acerpalmatum'Sango Kaku'  5.12  4.68 
Nursery E  Islei  1  16  Acerpalmatum'Sango Kaku'  9.00  6.15 
Nursery E  Islei  1  17  Acerpalmatum'Sango Kaku'  5.70  5.23 
Nursery E - Islei  1  18  Acerpalmatum'Sango Kaku'  4.69  3.00 
Nursery E - Islei  1  19  Aser paltnatum 'Sango Kaku'  3.00  0.00 
Nursery E - Islei  1  20  Acerpalmatum'Sango Kaku'  4.20  3.95 
Nursery E - Islei  2  1  Acerpalmatum'Sango Kaku'  8.23  4.40 
Nursery E - Islei  2  2  Acerpalmatum'Sango Kaku'  5.48  4.04 
Nursery E - Islei  2  3  Acerpalmatum'Sango Kaku'  8.15  4.08 
Nursery E - Islei  2  4  Acerpalmatum'Sango Kaku'  8.41  5.31 
Nursery E - Islei  2  5  Acerpalmatum'Sango Kaku'  7.60  0.00 
Nursery E - Islei  2  6  Acerpalmatum'Sango Kaku'  7.78  6.59 
Nursery E  Islei  2  7  Acerpalmatum'Sango Kaku'  8.34  3.30 
Nursery E  Islei  2  8  Acerpalmatum'Sango Kaku'  6.08  5.11 
Nursery E Islei  2  9  Acerpalmatum'Sango Kaku'  5.47  3.60 
Nursery E Islei  2  10  Acerpalmatum'Sango Kaku'  8.46  0.00 
Nursery E Islei  2  11  Acerpalmatum'Sango Kaku'  6.46  4.86 
Nursery E - Islei  2  12  Acerpalmatum'Sango Kaku'  9.09  4.75 
Nursery E - Islei  2  13  Acerpalmatum'Sango Kaku'  7.70  5.17 
Nursery E - Islei  2  14  Acerpalmatum'Sango Kaku'  6.54  0.00 
Nursery E  Islei  2  15  Acerpalmatum'Sango Kaku'  8.38  3.95 
Nursery E - Islei  2  16  Acerpalmatum'Sango Kaku'  7.85  0.00 176 
Appendix C. Continued. 
LOCATION  BLOCK PLANT SPECIES  Cus  Cur 
Nursery E - Is lei  2  18  Acer palmatum 'Sang° Kaku'  7.60  0.00 
Nursery E - Islei  2  19  Acer palmatum 'Sango Kaku'  4.08  3.85 
Nursery E - Islei  2  20  Acer palmatum 'Sango Kaku'  4.74  4.28 177 
Appendix D. Weather data for Linn County, OR, during bacterial blight trials on field-
grown lilac (cv. Ellen Willmott) in 1995, 1996, and 1997. 
No. of days  Rainfall  Minimum Temperature 
Year  Trial dates  at or below 0°C  (cm)  °C  Date 
1995  23 Feb  30 April  12  30.3  -3  7 Mar 
1996  5 Feb 30 April  17  49.5  -4  26 Feb 
1997  7 Feb  30 April  14  30.9  -3  6 Feb 178 
Appendix E. Population progress curves for Pseudomonas gringae pv. gringae strains grown
on tissue-cultured lilac (cv. Sensation). 
Figure t Population progress curves for copper-sensitive Pseudomonas gringae pv. gringae 
strains grown on tissue-cultured lilac (cv. Sensation)  treated with Cu(OH)2 bactericides. 
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Figure 2.  Population progress curves for copper-sensitive Pseudomonas gringae pv. gringae 
strains grown on tissue-cultured lilac (cv. Sensation) treated with various copper-based 
bactericides. 
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Figure 3. Population progress curves for copper-resistant Pselldomonas gringae pv. gringae 
strains grown on tissue-cultured lilac (cv. Sensation) treated with Cu(OH)2 bactericides. 
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Figure 4. Population progress curves for copper-resistant Pseudomonas gringae pv. yringae 
strains grown on tissue-cultured lilac (cv. Sensation) treated with various copper-based 
bactericides. 
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Figure 5. Population progress curves for Pseudomonas gringae pv. glingae strains grown on 
tissue-cultured lilac (cv. Sensation) treated with alternative bactericides. 
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Figure 6. Population progress curves for streptomycin-sensitive and -resistant Pseudomonas 
gringae pv. gringae strains grown on tissue-cultured lilac (cv. Sensation) treated with 
Agri-mycin 17. 
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